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2  RECEPTION   OF  THE   INSTITUTE. 

wishing  to  acquaint  himself  with  the  history  of  our  industry  for 
the  last  quarter  of  a  century.  I  do  not  wish  to  take  up  your 
time  any  longer.  I  once  more  bid  you  welcome,  and  I  make  way 
for  your  President,  who  will  preside  over  your  debates.  I  have  no 
doubt  but  that  this  meeting  will  be  as  fruitful  in  good  results  as 
all  the  preceding  ones  have  been.  I  wish  for  no  better  earnest 
of  that  than  the  list  of  subjects  which  are  going  to  be  offered  for 
your  deliberation. 

The  President,  who  spoke  in  French,  replied  as  follows : — 
For  the  third  time  the  Iron  and  Steel  Institute,  as  a  body, 
receives  the  cordial  hospitality  of  the  Soci^te  pour  TEncourage- 
ment  de  I'lndustrie  Nationale.  We  cannot,  therefore,  consider 
ourselves  as  strangers,  but  rather  as  the  habitual  guests  at  a  friend's 
house.  We  feel  ourselves  at  home,  because  of  the  many  members 
of  the  Comit^  des  Forges  assembled  together  to  receive  us, 
and  the  friendly  relations  which  subsist  between  the  Comity  des 
Forges  and  our  own  Institute.  My  vocabulary,  I  regret  to 
say,  is  a  limited  one,  but  it  contains  the  word  "  gratitude,"  and 
that  is  the  word  I  want,  Mr.  Robert  de  Wendel,  to  express  to  yon 
the  feelings  of  the  members  of  the  Iron  and  Steel  Institute,  in 
whose  name  I  have  the  honour  of  speaking,  and  whom  I  intro- 
duce to  you  to-day.  The  members  of  the  Comit^  des  Forges 
and  of  the  Institute  can  meet  together  with  brotherly  cordiality 
on  the  occasion  of  this  splendid  International  Exhibition,  a  work 
wholly  of  peace  and  good-fellowship,  which  crowns  so  nobly  the 
end  of  the  century.  We  are  very  glad  to  bring  to  you  from 
England  our  warmest  congratulations  on  the  work  which  France 
has  just  accomplished.  Does  it  not  remind  you  that  it  is  the 
ironmasters  of  the  whole  world,  and  particularly  those  of  France 
and  England,  whose  industry  has  given  to  this  century  the  name 
by  which  it  will  be  known  by  future  centuries — that  of  the 
"  steel  age "  ?  We  are  most  grateful  for  your  reception,  and 
we  are  sure  that  our  meeting  will  only  add  to  the  many  bonds 
which  unite  France  and  England. 

Mn  He^^ri  de  Wesdkl  (Bessemer  Gold  Medallist)  said :  I 
thank  you  for  the  great  honour  you  have  done  me  in  con- 
fHrrtng   upon  me  tiiis  year  the  Bessemer  medal.     I  think  that 
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THB   PBESIDKST-ELECr. 

The  President  said  he  bad  one  smgularly  pleasing  duty  to 
perform,  and  that  was  to  announce  the  name  of  the  new  Presi- 
dent^ who  would  at  the  Spring  meeting  occupy  the  chair.  The 
choice  of  the  Council,  as  they  would  all  be  glad  to  hear,  had 
fallen  upon  Mr.  William  WhitwelL  He  had  a  claim  not  only 
of  seniority,  but  of  merits  of  many  kinds,  which  it  would  be 
impossible  to  dwell  fully  upon.  It  was  a  choice  the  excellence 
of  which  would  reveal  itself  when  Mr.  Whitwell  took  his  place 
in  the  chair  in  May  next.  This  was  not  the  opportunity  to 
dilate  on  Mr.  Whitwell's  qualifications  for  the  post,  and  he 
would  merely  add  on  his  own  part  how  glad  he  was  that  Mr. 
Whitwell  would  be  his  successor. 


The  Andrew  Carnegie  Donation. 

The  President  said  he  had  another  announcement,  also  of  a 
pleasing  character,  to  make.  It  was  no  less  than  a  communica- 
tioQ  from  Mr.  Andrew  Cam^ie,  Vice-President,  who,  at  the 
c<mclasion  of  the  last  meeting,  announced  his  intention  of  giving 
a  medal  and  a  scholarship  in  connection  with  the  Institute,  to 
be  devoted  to  research  and  for  a  piece  of  work  of  some  definite 
kind.  The  details  were  not  actually  arranged  as  yet,  but  he 
Bught  aay  that  the  work  would  be  perfenned  in  any  university 
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present  to  give  information.  The  members  would  proceed  to  the 
Le  Creusot  Payilion,  where  they  would  be  entertained  by  Mr. 
Schneider.  A  letter  had  been  receiTed  from  the  American 
exhibitors  in  mining  and  metallnigjr,  who  cordially  extended 
a  welcome  and  entertainment  to  the  members  visiting  the 
Elxhibition. 

The  President's  Address. 

The  President  said  he  had  prepared  a  Presidential  Address 
which  had  been  beautifully  translated  into  French.  He  did 
not  propose  to  read  the  address  in  full,  in  order  that  they  might 
have  more  time  to  see  the  metallurgical  contents  of  the  Exhibi- 
tion ;  but  he  hoped  that  the  members  would  read  it  for  them- 
selves, and  he  might  say  that  he  wi^ed  to  emphasise  that  part 
of  it  which  showed  the  close  union  of  the  works  of  France 
and  England  in  connection  with  iron  and  steel  throughout  the 
century. 

The  following  is  the  President's  address : — 
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as  an  Institnte.  We  are  speeiallv  gntefal  to  M.  Robert 
de  Wendel,  President  of  the  Comite  des  FcMrges,  a  Member 
of  our  Institute,  who  presided  over  the  reception  com- 
mittee, which  comprised  many  of  the  most  eminent 
scientific  and  industrial  men  in  Fiance.  I  would  also 
thank  the  Minister  of  Public  Worics,  M.  P.  Baudin,  who 
received  us  on  behalf  of  the  President  of  the  Republic. 
We  were  grateful  to  M-  Eugene  Schneider,  a  Member 
of  our  Institute,  who  received  us  in  the  Exhibition  at 
the  very  interesting  pavilion  of  Le  Creusot  Works.  In 
connection  with  Le  Creusot,  I  would  specially  express 
our  thanks  to  M.  Gustave  Canet  for  many  acts  of 
kindness,  and  for  the  reception  which,  as  President  of 
the  Society  des  Ingenieurs  Cirils  de  France^  he  gave 
me  when,  earlier  in  the  year,  I  visited  Paris  as  one  of 
the  representatives  of  our  Council.  I  am  able  to  add, 
with  great  satis&ction,  that  M.  Canet  is  now  an  Hon- 
orary Member  of  our  Institute.  As  r^ards  the  ex- 
cursions, M.  A.  de  Montgolfier,  who  is,  I  am  glad  to  say, 
also  an  Honorary  Member  of  our  Institute,  received  us 
munificently  at  the  St.  Chamond  Works,  while  M. 
Henri  de  Wendel,  our  Bessemer  Medallist,  entertained 
a  party  at  his  works  at  Hayange  and  at  Joeuf.  The 
President  of  the  Municipal  Council  of  Paris  invited  us 
to  the  Hotel  de  Ville,  and  M.  Grdbauval's  eloquent  and 
appreciative  words  of  welcome  wiU  be  remembered  as 
one  of  the  noteworthy  features  of  the  meeting. 

Colonel  and  Mrs,  Jekyll's  delightful  reception  at  the 
English  House  in  the  Bue  des  Xations  at  the  Elxhibition 
reminded  us  how  close  Paris  is  to  London. 

Not  the  least  claim  to  our  gratitude  was  earned  by  the 
generosity  of  Mr.  Henry  Chapman,  who  again  placed  his 
offices  at  our  disposal ;  while  the  ability  and  indefatigable 
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*  It  is  an  age  so  full  of  light)  that  there  is  scarce  a  countrj  or 
comer  of  Europe  whose  beams  are  not  crossed  and  interchanged 
with  others,  but  there  is  none  under  heaven  abounding  with 
more  variety  of  learning,  where  the  sciences  may  be  more  fitly 
wooed  or  more  surely  won.  than  in  France."  These  lines,  written 
by  Laurence  Sterne  in  his  incomparably  clever  ''Sentimental 
Journey,"  were  printed  in  the  year  1768,  the  year  in  which 
Lavoisier's  genius  gained  him  admission  as  "Adjoint"  to  the  French 
Academy,  while  at  the  same  time  the  metallurgist  Jars  became 
"Membre  titulaire."  Sterne's  is  a  glowing  tribute,  but  we  feel 
its  justice  and  gladly  adopt  it  as  our  own. 

In  the  spring  of  1899  I  reviewed  our  national  progress 
throughout  the  century  in  relation  to  iron  and  steel,  and  ex- 
pressed the  hope  that  at  a  iuture  time  I  might  give  a  similar 
account  of  the  work  in  other  countries.  Our  Institute  is  inter- 
national, and  some  fifty  of  our  members  are  either  French  or  live 
on  French  territory ;  and  as  this  is  the  third  time  that  the  Institute 
as  a  body  has  been  hospitably  received  in  France,  my  address 
may  well  be  offered  as  a  tribute  to  her.  On  both  the  previous 
occasions  of  our  visits  to  Paris,  as  on  the  present  one,  the  Soci^t^ 
d'Encouragement  pour  Tlndustrie  Nationale  generously  placed  its 
house  at  our  disposal.  In  1878  we  were  received,  in  the  absence 
of  the  illustrious  chemist^  M.  J.  R  Dumas,  then  President  of  the 
Society,  by  Professor  Gruner,  and  in  1889  by  M.  Gustav  Eiffel 
and  by  M.  Haton  de  la  Goupilli^re.  This  year  the  President  of 
the  Sooi^t4  is  M.  Adolphe  Camot;  this  name,  made  illustrious 
by  sons  of  France,  who  have  filled  the  highest  office  in  her 
army  and  in  the  State,  will  always  be  received  with  deep 
respect  in  England,  and  is  imperishably  connected  with  the 
advance  of  physical  science.  In  my  capacity  of  Professor  at  the 
Royal  School  of  Mines,  I  am  proud  to  claim  M.  Camot  as  a  col- 
league, and  also  M.  Haton  de  la  Groupilli^re,  who  again  receives  us  ; 
for  I  need  not  remind  you  that  he  presides  over  the  £cole  des 
Mines  Institution,  the  distinguished  professors  of  which  have 
since  its  foundation  advanced  both  industry  and  science.     With 
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The  result  is  remarkable.  The  metallurgist,  by  adding  small 
amounts  of  matter  to  iron,  has  literally  made  it  possible  to 
change  the  aspect  of  the  world.  He  has  enabled  such  structural 
triumphs  as  the  EifiTel  Tower  and  the  Forth  Bridge  to  be 
designed  and  built :  he  has  created  the  Age  of  Steel,  and  of  this 
age  the  palaces  we  have  come  to  see  on  the  banks  of  the 
Seine  are  the  exponent,  both  as  regards  their  construction  and 
their  contents. 

Throughout  the  century,  our  nations  have  worked  in  unison, 
and  shared  the  industrial  triumphs  by  which  the  civilisation  of 
the  world  has  immeasurably  gained. 

The  bonds  of  literature  and  of  science  have,  moreover,  for 
centuries  united  France  and  England,  and  the  sympathy  sub- 
sisting between  men  of  letters  stimulated  industrial  advanca 
In  the  thirteenth  century  Boger  Bacon  graduated  as  Doctor 
at  the  University  of  Paris  before  returning  to  Oxford,  where  his 
life's  work  was  done.  In  the  fourteenth  century  Chaucer  trans- 
lated the  "  Boman  de  la  Eose."  The  great  Scotch  scholar,  Greorge 
Buchanan,  an  exile  at  Bordeaux,  had  Montaigne  as  his  pupil, 
and  Shakespeare  in  the  "  Tempest "  and  in  '^  Hamlet ''  paraphrases 
sentences  of  Montaigne.  In  the  seventeenth  century  Isaac 
Casaubon,  coming  as  the  guest  of  King  James  I.,  profoundly 
influenced  English  thought,  and  by  reviving  at  Oxford  the  study 
of  Aristotle,  prepared  the  way  for  the  advance  of  experimental 
science  in  our  older  universities.  In  the  eighteenth  century, 
Voltaire,  meeting  Benjamin  Franklin  in  London,  rejoices  that  he 
can  speak  his  language.  The  Abb4  Provost  translates  "  Pamela  " 
and  "  Clarissa  Harlow,"  and  makes  them  known  to  French  readers. 
Every  page  of  the  "  Esprit  des  Lois "  proves  how  much  Mont- 
esquieu learnt  from  Englishmen,  and  especially,  it  may  well 
be,  from  those  living  near  his  home  at  Bordeaux,  among  whom 
the  father  of  our  own  great  chemist,  Black,  was  prominent 
How  much  may  not  Black  himself  have  owed  to  the  kindly 
interest  of  Montesquieu  in  those  early  days  on  the  banks  of  the 
Garonne  ?  The  literary  union  of  the  two  countries  was  close,  but 
the  bonds  of  union  in  science  were  firmer  and  more  enduring,  as  it 
is  natural  that  they  should  have  been,  for  the  literary  men  discussed 
abstractions,  the  scientific  men  principles.  The  correspondence 
between  Lavoisier  and  Black  bears  abundant  testimony  to  the 
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found  expreBsion  in  linee  of  his  which  embody  a  metallurgical 
simile,  and  run  as  follows : — 

**  If  matter  cannot  be  destatyyed, 
The  living  Twfni^  can  never  die. 
If  e'en  creative  when  alloyed, 
How  sure  its  inmiartality." 

Gay  LuBsac,  Th^ard,  Laurent,  and  Le  Play  were  personally 
known  to  Dr.  Percy,  my  predeoeffior  in  the  chair  at  the  Royal 
School  of  Mines.  Of  the  two  first-named  he  writes  in  1864, 
"Both  are  in  their  graves,  and  both  bequeathed  to  France  a 
legacy  of  fame  of  which  she  may  well  be  proud.  .  •  •  Laurent 
also  is  dead,  Le  Play  survives."  Of  Le  Play,  may  not  we  who 
have  seen  the  glorious  Exhibition  of  1900  remember  how  much 
this  great  metallurgist  did  in  organising  the  Exhibitions  held  in 
Paris  in  1655  and  in  1867,  at  the  laUer  of  which  he  was  Com- 
missaire  G^e^xale. 

The  names  of  two  more  illu£(thous  Frenchman  to  which  I 
would  refer  in  this  introduction  are  those  of  men  who  were 
personally  known  to  some  of  us,  and  they  connect  us  directly 
with  the  past  These  are  Jean  Baptiste  Dumas  and  Henri 
Saint-C'Jlaire  Deville.  Dumas  was  bom  in  the  year  1800,  and 
stands  first  among  the  chemists  of  the  nineteenth  oentuiy*  When 
I  first  met  him  in  1870,  he  was  Director  of  the  Mint,  and  it  would 
be  difficult  to  say  whether  his  distinguished  manner  owed  more 
to  gravity  or  to  benignity,  outward  signs  of  the  qualities  of  his 
heart  which  at  onoe  inspired  respect  and  affection*  I  ask  you 
to  join  in  my  tribute  to  his  memory  mainly  because  he  represents 
a  ij^rand  feature  in  French  science,  the  union  of  theory  and 
[iraclice.  He  illuminat'eKl  every  elabonte  research  he  undertook 
with  the  penetration  of  an  inventive  genius,  and  yet  turned  again 
and  again  to  the  considorAtion  of  industrial  proUems.  Eecog- 
nising  their  vast  imporlance  to  the  nation,  he  founded  the  ^ole 
Contralt*  des  Ana  el  Manufactures,  where  M.  Jordan  was  pro- 
fcHHor  unul  hi*  lament<Kl  death  in  ihe  present  year  deprived  us 
of  a  th»tinguisht\i  member.  Among  those  who  have  gone  the 
only  uUn*r  memory  on  which  I  will  dwell  fe  that  of  Henri  Saint- 
Clwre  iHjville,  Kefeivnoe  will  be  made  to  his  work  later  on, 
and  l>eyoud  offering  iheMi  few  words  of  personal  tribute,  I  will 
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tropy  of  iron,  the  pen  being  of  harder  iron  than  the  steel  on 
which  it  wrote. 

If  further  justification  is  demanded,  I  would  plead,  in  these  days 
when  due  allowance  is  made  for  the  influence  of  environment, 
that  this  address  waA  writen  in  the  Mint,  in  full  view  of  the  one 
building  in  London  which,  more  than  any  other,  specially  re- 
minds us  of  France — the  Tower  of  William  the  Norman.  The 
turret  is  before  me  in  which  I  like  to  think  that,  in  the  four- 
teenth century,  the  erratic  pupil  of  Amaud  de  Villeneuve,  Eay- 
mond  LuUy,  worked.  French  names,  moreover,  are  in  constant 
use  in  conducting  our  daily  operations  of  coinage.  We  in  the 
Mint  consult  almost  hourly  tables  calculated  by  Gay  Lussac,  and 
the  "Traits  des  Essais"  of  Berthier,  whose  other  writings  are 
still  my  text-books. 

The  new  century  was  not  three  years  old  when  communica- 
tions of  the  utmost  importance  appeared  in  each  of  our  respective 
countries.  In  France,  in  1803,  Claude  Louis  BerthoUet  pub- 
lished his  brilliant  **  Essai  de  Statique  Chimique,"  and  in  England, 
Dalton,  in  the  same  year,  gave  to  the  world  his  atomic  hypothesis, 
which  enabled  chemistry  to  be  built  up  upon  a  new  basis.  From 
that  time,  in  all  countries,  science  has  advanced  more  or  less  on 
the  lines  laid  down  by  these  great  thinkers ;  that  is,  the  guiding 
ideas  have  either  had  reference  to  the  mcLss  of  BerthoUet  or  the 
atom  of  Dalton.  We  may  follow  these  lines  in  recording  the 
metallurgical  history  of  the  century,  but  it  will  be  necessary  to 
trace  the  industrial  applications  of  science  by  a  third  line,  con- 
nected by  links  with  each  of  the  other  lines.  By  dividing  the 
century  into  periods,  it  will  be  possible  to  follow  the  direction,  or 
at  least  to  consider  the  relations,  of  these  lines  without  confusion. 
Along  BerthoUet's  line  may  be  ranged  all  results  which  involve 
the  action  of  mass  and  cannot  be  attributed  to  fixed  atomic  pro- 
portions, while,  on  the  other  hand,  the  course  indicated  by  Dalton 
involves  recognition  of  the  atomic  constitution  of  matter. 

It  must  never  be  forgotten  that  both  our  nations  had  already 
turned  to  Sweden,  where  theory  and  practice  were  united,  where 
the  reputation  of  the  pure  iron  of  Dannemora  was  worthy  of  the 
teaching  of  Upsala.  In  the  great  university  of  that  city,  Berg- 
man, by  pointing  to  carburisatiou  as  the  fundamental  principle 
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taken  the  lead.  In  1820  MM.  Boiguer  and  Dufand  at  Foar- 
chambault,  and  M.  Francois  de  Wendel  at  Hajange,  had  built 
extensive  works  which  served  as  models  for  others.  I  need 
not  remind  you  that  his  distinguished  successor,  M.  Henri  de 
Wendel,  is  our  Bessemer  Medallist  this  year. 

As  an  indication  of  the  progress  which  French  metallurgy 
had  made,  it  may  be  added  that  in  the  Exhibition  of  1834,  MM. 
Jackson  Frferes,  the  sons  of  William  Jackson,  exhibited  an  ingot 
of  cast  steel  weighing  nearly  half  a  ton.  Seventeen  years  later, 
at  our  own  Exhibition  of  1851,  our  heaviest  steel  mass  was 
only  a  ton  and  a  quarter,  though  Erupp  showed  an  ingot  of 
double  the  weight. 

The  London  Exhibition  of  1851  fittingly  begins  the  second 
half  of  the  nineteenth  century. 

The  first  halting-place  in  physical  work  must  be  made  at  the 
splendid  calorimetric  researches  conducted  in  the  fifties  by  Favre 
and  Silbermann,  to  whom  and  to  Andrews  of  Belfast  we  are 
indebted  for  the  most  trustworthy  work  on  the  subject.  Then 
came  a  glorious  period  of  French  science,  which  the  work  of 
Henri  Saint-Claire  Deville  adorned.  Had  he  left  nothing  else 
than  his  researches  on  Dissociation,  he  would  have  more  than 
earned  our  homage  in  connection  with  the  metallurgy  of  iron 
and  steel.  By  bringing  into  line  chemical  dissociation  and 
evaporation,  and  chemical  decomposition  and  ebullition,  the  re- 
searches of  Deville  gave  the  views  of  Isaac  Newton  on  chemical 
action,  so  long  misunderstood,  the  most  startling  confirmation. 
In  France,  the  country  of  so  many  great  metallurgists,  the  school 
of  Deville  has  done  admirable  service,  not  only  in  developing 
his  work,  but  in  bringing  the  results  of  his  labours  and  teaching 
within  the  range  of  practical  men. 

Every  ironmaster  now  knows  how  important  in  the  practice 
of  the  metallurgic  art,  and  especially  in  connection  with  the 
blast-furnace,  are  the  incomplete  chemical  processes  which 
tend  to  re-form  the  identical  substances  with  which  a  given 
operation  started.  The  result  of  such  opposed  processes  is 
the  state  of  chemical  equilibrium  in  which  both  the  original 
and  the  newly  formed  substances  are  present  in  definite  propor- 
tions, which  remain  unaltered  so  long  as  the  conditions,  more 
especially  as  to  temperature  and  pressure,  remain   unchanged. 
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materials  which  possess  such  strange  and  novel  qualities  to 
suitable  thermal  treatment  became  evident  In  this  way  the 
period  between  1889  and  1900  is  reached,  and  this  period  I 
have  already  characterised  by  the  word  "intensity."  No  pro- 
cess of  marked  novelty  has  been  devised,  though  there  have  been 
modifications  and  developments  of  the  existing  processes,  and 
tliQ  scale  on  which  they  are  conducted  has  been  greatly  in- 
or«ased.  The  investigators  have  in  many  cases  been  the  same 
as  ill  the  preceding  decsde,  but  there  has  been  intensity  of  aim 
and  ooncontration  of  effort  in  bringing  physical  methods,  and 
Uto  results  of  investigation  in  pure  science  generally,  into  line 
wiUi  indu9trial  r^uirementa  In  effecting  this  our  two  countries 
\\9iVP  workinl  in  unison*  Progress  has  been  made  mainly  in 
two  dirwtions : — 

t  nU  Tht?  )>r<^{Muration  of  new  alloys  of  mm. 

Siult  Th«  stUiiy  of  the  properties  of  iron  and  its  alloys. 

AIU\V((  of  iron  and  chn>mium  pres^it  a  remarkable  instance. 
IWiUtt^r  j>r^pariHi  the  first  alloy  of  chromium  and  iron  in  1820, 
AUvl  Uv)U!i»ut);Auh  al$0  dt^voted  $(nne  att^tition  to  them.  Brust- 
Uiu  had  nu^uufaotxtr«Ki  these  alloys  in  the  works  of  Jacob 
UoU#pr,  Wttc^  Uw^  y<«  ISTT;  but  the  Eihilrition  of  1889 
\\\y^\  \\\iiky\p  u*  fanu^iar  wilh  tvh  al'.oys  ccmtaining  84  per  cent,  of 
i^hhMuuuWx  tn  liHV  w^  r,nd  Rnwileia  renewii^  his  efforts,  and 
WtE*  (ft^v  cUd  U^  xcvUvn^t?  h;wi  <«  ti»  iarr  of  tbe  metallurgical 
oIama.  i'^mMu^  3kt<*<^**  Havi?  pa^^ted  beyood  the  crucible  stage, 
^\\\\  (ftV^  J^x^jv^^^i  %^^^  li^  o^>ifs-S«ni  with  S  per  cent,  of 
^^Uh^Hunuu  #*  ^?^  a'?>^  a  tv^^.v^*  *I^  y  <Hf  iroa,  circmium,  and  nickel 
^^  MM^  f^K  au>uMU-)Nj^^ip  **^x  i^  *r5;.>cT,  As  lepuds  our  English 
iin;MU.  XHii  m\\  k^^^xi  V>«r  ^«ci;  U**',5,i^Ii  iias  coi«  in  extending 
\\\p  W9^  s<^  \\\>^\  a>^i  x'Srv^  -ft^nr  *.Vx:?  r.^  r^.^ecdles.  At  about 
\\\^  Mv>u>  h^^u*^  \h^\  Kv\:  -^  ^^-^f  ^CF?  ;>*^  trsa  alioy  of  iron  and 
*vU^^^^^^n\  t>>^,>4^\  ^n^vx-^^ts^  ;-Sf  tr^  *?i*c^:ix»f«  of  an  alloy  of  iron 
^\\\\  s\>y\>^'  ftu^  rv^,v',iv  H*^  %>.v>  >^«^  Twxi^i  TO  be  so  great.  In 
Uw^  Xt'i^^  KVV4  M  M)^  V^*i  ^n;  ^^  >vw,Ch  Fecr^-Xickel  |»oduced 
\\\.^\  ^\<^\  'sW^w^  v^i^,*A  ^>  iV^  /c  *;  5m^«^  w^xks  at  lixy-sur- 
O^^Nsi  \h:vO*\  ^f  ^5^,^  ^\  '^x  ^\>  >i,.vit.  A  »>^^-  Uie  Society  showed 
\\\,^  vw^  ^'.%\\->  ,Ni  ^»N*v»,  x^\>  \-«i\^  jj^;.  w.nrv.^c^nio^  rf  nickeL  The 
,^^>M*>^^  ,vi  xN^>  \»v»,-ffMt*  <.v  iV  v^MiiT  ^<J^i?'  ;^it>xfc3ks  a  paper  by 
,Ut>^,*»i   ^,;,>    ^  ^\^  ^:,,>    At--^"^  a    Nvir^v  40^  i^^tfiU'"  which  will 
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did  for  Hub  great  branch  of  Tnanqfacfare.  The  magnificent 
exhibits  of  iron-manganese  alloys  in  the  present  Exhibition 
testify  to  the  increased  importance  oi  the  work  which  M.  Jordan 
80  recently  directed.  In  England  fisno-manganese  was  produced 
at  the  Pyle  and  Blaina  Woiks,  at  Mostyn,  at  Darwin,  at  Wigan, 
and  at  the  works  of  Messrs.  Bolckow,  Yaoghan,  &  Co.  At 
the  time  of  the  former  Exhibition  in  Paris,  1889,  England  was 
the  dominant  user. 

I  need  not  remind  you  that  Hadfield,  abont  the  time  of  the 
former  Exhibition  in  Paris,  astonished  the  metalluigical  world  by 
producing  steel  containing  from  7  to  21  per  cent,  of  manganese, 
and  possessing  remarkable  properties.  His  later  work  on  the 
same  alloys  has  only  served  to  intensify  interest  in  his  earlier 
investigations,  and  it  afiTords  another  instance  of  the  renewed 
efforts  which  characterise  the  last  decade.  I  will  not  weary 
you  by  passing  in  review  the  other  alloys  of  iron,  such  as  those 
with  silicon,  tungsten,  and  titanium;  but  I  must  not  omit 
reference  to  the  researches  of  MM.  Moissan  and  Charpy  on  boron 
steel,  of  which  we  shall  hope  to  hear  much  more  in  the  future. 
May  we  not  hope  that  in  the  next  century  vanadium,  uranium, 
molybdenum,  and  even  glucinum,  will  prove  as  faithful  allies  as 
certain  of  the  better-known  m^als  have  been. 

The  second  direction  in  which  efforts  have  been  intensified  is  in 
the  study  of  the  properties  of  iron  and  its  alloys.  The  investi- 
gations may  be  conveniently  divided  thus : — 

a.  Those  which  relate  to  the  physical  properties  of  iron  and 
its  alloys,  as  revealed  by  thermal  measurement. 

k  Those  which  have  for  their  object  the  study  of  the 
structure  of  iron«  and  the  grouping  of  the  constituents 
in  its  alloys  as  revealed  by  the  microscope. 

Tlie  work  that  may  bo  ranged  in  both  of  these  groups  had 
an  earlier  origin  than  is  quite  realised  at  the  present  day. 
As  regaitis  pyrometry,  which  occupies  a  prominent  place  in 
the  first  group,  sjxicc  absolutely  forbids  my  attempting  to 
give  a  history  of  the  blendtnl  efforts  of  our  two  countries,  and 
I  must  only  permit  myself  to  recall  a  few  of  the  more  pro- 
minent names,  and  not  |)ass  beyond  the  limits  of  the  present 
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nature  of  iron  itself  had  been  recognised  in  Bergman's  classical 
phrase,  **  polyrnorphvm  ferrvm**  As  the  century  closes  it  is  seen 
that  iron  has  gathered  to  itself,  often  in  considerable  volume, 
numerous  associates  with  which  it  was  originally  entrusted  only 
in  small  quantities.  Industry  has  consequently  been  enriched  by 
varieties  of  metal  possessing  properties  hitherto  unknown.  These 
properties  have  been  investigated  by  a  host  of  workers,and  the  men- 
tion of  only  a  few  names  may  seem  to  be  invidious.  Nevertheless, 
I  am  satisfied  that  when  writers  come  to  look  back  to  the  end  of 
this  century,  as  we  do  to  its  beginning,  the  phenomena  connected 
with  iron  and  steel  to  which  they  will  revert  will  be  comprised 
in  the  words  "points  of  transformation."  Our  country  will 
receive  its  share  of  these  retrospective  thoughts,  for  the  names 
of  Gore  and  Barrett  are  waymarks.  Tchernoflf  will  be  remem- 
bered, for  he  proposed  a  thermometric  scale  by  which  manufacture 
of  steel  could  be  controlled. 

From  among  Frenchmen  one  name  will  arise  in  the  memories 
of  future  historians  of  metallurgy,  and  that  name  will  be  Osmond. 
It  will  not  be  forgotten  how  much  Osmond  did  in  defining  the 
modes  of  existence  of  carbon  in  steel.  It  will  be  remembered 
that  by  his  observations  a  single  point  of  recalescence  became 
resolved  into  many  points.  He  traced  the  influence  of  hysteresis, 
and  showed  how  the  position  of  the  points  of  transformation 
vary,  within  a  certain  range  of  temperature,  with  the  element 
with  which  the  iron  is  allied.  He  showed  that  if  a  certain 
variety  of  steel  has  been  quenched  at  a  point  above  or  below 
its  critical  point,  it  may  present  one  or  other  of  two  states 
of  equilibrium.  These  may  be  widely  different,  either  as  a 
consequence  of  change  either  in  the  allotropic  state  of  one  of 
the  constituents  or  in  the  chemical  grouping  at  the  moment 
the  metal  passes  the  critical  point.  I  am  not  unmindful 
that  M.  Grignon,  who  translated  Bergman's  **  De  Analysi  Ferri " 
into  French,  shared  his  views  as  to  the  allotropy  of  iron,  nor 
do  I  forget  that  Cizancourt  pronounced  advanced  views  on 
the  subject  in  1865,  as  did  also  Tait  in  the  Bede  Lecture  de- 
livered at  Cambridge  in  1873.  Osmond,  in  fact,  insisted  on  the 
allotropy  of  iron,  proved  its  fundamental  importance,  and  identi- 
fied himself  with  its  study,  but  that,  though  it  is  his  great 
achievement,    is   far   from   being  his  only  one.      He    showed 
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this  quaint  and  accurate  observer,  is  full  of  interest,  and  might 
almost  have  been  written  by  any  of  us  to-day : — 

"If  to  these  analytical  data  observations  under  the  micro- 
scope with  a  magnification  of  300  to  400  diameters  be  added,  it 
is  seen  that  ordinary  iron  is  merely  a  metallic  network  with  a 
close-grained  tissue  with  submerged  scoriaceous  opaline,  sometimes 
subcrystalline,  portions,  and  with  little  globules  and  metallic 
grains  ranged  in  every  direction.  Sometimes  nests  of  translucent 
prismatic  and  bacillary  crystals,  with  metallic  portions  adhering, 
are  noticed  hidden  in  the  paste.  These  are  the  grains  of  steel 
which  can  be  made  to  disappear  by  heating." 

England  in  turn  in  1864  gave  a  new  impetus  to  this 
important  branch  of  investigation  by  the  labours  of  Sorby,  in 
whose  admirable  work  polished  and  etched  sections  were 
employed.  The  microscope  as  an  implement  of  research  hardly 
received  due  recognition  until  Osmond  published  a  classical 
series  of  researches  which  have  earned  the  lasting  gratitude  of 
investigators.  In  no  branch  of  my  subject  do  I  so  much  regret 
that  the  limitations  of  space  have  obliged  me  to  confine  myself 
to  the  bounds  of  our  two  countries,  as  I  should  like  to  have 
dwelt  on  the  micrographic  work  of  Martens,  Sauveur,  Behrens, 
and  many  others.  I  will  only  add  that  the  work  of  Stead 
deserves  special  recognition,  not  only  for  its  minute  accuracy, 
but  for  its  originality.  Quite  recently  Ewing  and  Eosenhain 
have  obtained  most  interesting  results,  which  go  far  to  explain 
by  micrographic  evidence  the  elasticity  and  flow  of  metals,  and 
also  the  mode  by  which  crystals  grow  in  metallic  masses. 

A  Report  of  the  Departmental  Committee  on  Steel  Kails 
recently  issued  is  the  first  Grovernmetit  publication  in  England 
in  which  the  importance  of  micrography  has  been  recognised. 

Scientific  discoveries  have  during  the  century  worked  a  com- 
plete change  in  our  intellectual  appreciation  of  natural  pheno- 
mena, but  in  our  work  the  standpoint  of  the  new  century 
will  be  singularly  like  that  of  the  old.  A  few  tenths  per  cent, 
of  carbon  hidden  in  iron  still  dominates  our  branch  of  metal* 
lurgy.  Bergman  recognised  this  before  the  nineteenth  century 
began,  and  insisted  both  on  the  polymorphy  of  iron  and  the 
importance  of  carbon  in  relation  to  it.  He  pointed  out,  more- 
over, that  in  every  great  change  effected  in  the  constitution  of 


••  • 


■  I 


36  PBSSIDENTIAL  ADDBBSS. 

some  instances  which  readily  present  themselves.  The  car- 
bnrisation  of  iron  offers  the  first  case  in  which  the  diffusion  of 
solids  in  solids  was  observed.  The  study  by  metallurgists  of 
the  associations  of  carbon  and  iron  has  elucidated  the  most 
complicated  case  yet  known,  and  indeed  the  only  one  which 
has  been  worked  out,  of  metallic  solid  solutions.  It  presents, 
moreover,  a  unique  case  of  the  importance  of  allotropy  in  con- 
nection with  metals.  In  1000  parts  of  steel,  997  parts,  more 
or  less,  may  be  iron  and  the  rest  carbon,  but  the  result  of  the 
union  is  a  metal  that  is  more  widely  used  and  has  more  varied 
attributes  than  any  other.  It  would  seem  that  nature  has  en- 
shrined in  steel  a  series  of  her  most  complex  secrets  which  we 
must  discover  as  a  condition  of  our  successful  use  of  it.  Metal- 
lurgists have  carefully  investigated,  and  conduct  daily,  opera- 
tions of  vast  industrial  importance,  in  which  the  presence  of 
a  third  body  enables  either  elementary  bodies  or  compounds 
to  react  on  each  other.  By  habitually  conducting  operations  at 
high  temperatures,  which  often  invert  ordinary  chemical  re- 
actions, the  metallurgist  has  acquired  a  mass  of  information 
as  to  the  reactions  that  do  occur,  and  the  compounds  that 
are  formed  under  such  conditions.  Pyrometric  records  have, 
moreover,  enabled  the  equilibrium  of  the  less  fusible  metals 
in  their  liquid  as  well  as  in  their  solid  state  to  be  studied 
— a  branch  of  work  which  chemists  generally  have  not  been 
in  a  position  to  undertake.  The  necessity  for  submitting 
the  physical  and  mechanical  properties  of  iron  and  its 
alloys  to  rigorous  tests,  as  a  routine  operation  in  Works, 
has  afforded  a  rich  store  of  information  as  to  the  molecular 
constitutiou,  not  only  of  metals,  but  of  matter  generally. 
Metallurgists  have  to  deal  with  cases  in  which  a  mass  of 
metal  is  acted  upon  by  added  matter  in  proportions  that  are 
too  nunute  to  intervene  directly  by  the  formation  of  chemical 
compounds  with  the  whole  of  the  mass,  while  in  some  cases 
no  compounds  are  formed.  The  influence  of  the  atom  must, 
therefore,  be  more  or  less  directly  exerted.  Hence  it  is  that 
we,  who  still  conduct  processes,  the  traditions  of  which  came 
down  to  us  frtiiu  mytliological  times,  have  done  our  share  in 
"  giving  U\e  old  Gnin^k  atomism  a  modem  and  a  higher 
consecration**' 
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APPENDIX 

Ths  statement  as  to  a  vote  in  the  troubled  days  of  1848  of  a  sum 
towards  defraying  the  cost  of  B^:nault's  research  was  made  on  the 
authority  of  M.  J.  R  Dumas,  who,  in  his  charming  eloge  of  Victor 
Regnault  {Discours  et  Eloges  AcadHtique^  Paris:  Gauthier  Yillars, 
tome  iL,  1885),  states  that  the'Soci^t^  des  Ing^nieurs  de  Londres, 
struck  by  the  beaufy  of  Regnault's  results,  wished  to  place  at  his  dis- 
posal the  necessary  funds  for  the  continuance  of  his  experiments.  He 
adds  (p.  185)  :  "  On  aime  i  rapeUer  ce  vote  liberal  des  ing^eurs  anglais, 
constatant  une  fois  de  plus  que  la  science  appartient  au  mond  civilise 
et  qu'elle  ne  connait  pas  de  frontieres."  Dumas  thus  definitely  alludes 
to  a  ''  vote ; "  but  he  was,  as  it  proves,  imperfectly  acquainted  with  the 
circumstances,  and  I  was  unable  to  test  the  accuracy  of  his  information 
in  time  for  the  delivery  of  the  Address  I  have,  however,  by  following 
an  indication  given  me  by  my  friend.  Pro!  Henri  Le  Ohatelier,  satisfied 
myself,  though  with  great  difficulty,  as  to  the  facts.  It  appears  that 
what  M.  Dumas  believed  to  be  "  ce  vote  liberal  des  ing^nieurs  anglais," 
was  really  a  generous  ofier  of  an  individual  engineer,  the  late  Mr.  R.  S. 
Newall,  who  wished  Regnault  to  accept  £500  ^  to  enable  him  to  com- 
plete his  experiments  on  steam,^  as  is  recorded  in  a  note  in  Mr.  Newall's 
writing,  which  Mrs.  Xewall  has  most  kindly  shown  me.  The  ofier  was 
not  accepted,  for  the  French  Government  supplied  the  necessary  funds, 
and,  as  M.  Dumas  correctly  states,  "  La  France  pourvut  elle-mSme  ^  la 
continuation  de  Tosuvre  commence  et  que  reste  son  oeuvre."  It  has 
seemed  to  me  to  be  in  every  way  desirable  that  this  interesting  episode 
in  international  scientific  history  should  be  in  all  respects  correctly 
described,  hence  the  addition  of  this  Appendix. 


The  following  paper  was  then  read : — 
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These  figures  show  that  the  production  of  mineral  fuel  has 
increased  43  per  cent,  during  the  period  under  consideration,  and 
that  the  increase  has  chiefly  taken  place  in  the  coalfields  of 
Nord  and  Pas-de-Calais,  where  it  represents  nearly  two-thirds  of 
the  total  rise.  The  great  activity  of  the  metallurgical  industries 
in  these  departments  during  recent  years,  and  the  difficulty  of 
obtaining  sufficient  coke  from  Germany,  have  contributed  to  the 
development  of  the  production  of  the  local  collieries. 

All  the  difierent  coalfields,  except  two  of  minor  importance, 
have  progressed,  but  in  a  very  unequal  degree,  as  is  shown  by 
the  following  table : — 

iDcrease. 

Per  Cent. 

Nord  and  Paa-de-Calais 57 

Loir© 23 

Bonrgogne  and  Nivernais 47 

Gard 7 

Tarn  and  Aveyron 55 

Centre 18 

The  next  table  indicates  the  source  whence  the  coal  consumed 
in  France  was  derived,  and  shows  that  the  home  production  was 
only  about  three-quarters  of  the  amount  used. 


1888. 

1898. 

Home  prodaotion 

Coal  imported  from  England  .... 
Coal  imported  from  other  ooantries 

Metric  Tons. 
22,122,500 

Metric  Tons. 
31,378,000 

.    1      4,108,000 
.     !      6.443.500 

5.486,000 
6,431,000 

Total  imports 
Total  oonsumption 

.     1    10.651,600 
.     1    32,674,000 

11,917,000 
43,295,000 

Ironworks  play  a  very  important  part  in  this  consumption. 
Even  omitting  the  numerous  works  employed  in  the  further 
treatment  of  the  metal,  in  1898  they  used  2,622,000  tons  of 
coal  and  3,200,000  tons  of  coke,  or  altogether  7,400,000  tons  of 
raw  coal  besides  16,000  tons  of  charcoal.  This  quantity  is  as 
much  as  is  used  by  the  collieries  and  the  railways  together, 
so  that  the  combined  consumption  of  those  three  industries  re- 
presents more  than  a  third  of  the  total  consumption  of  France. 

According  to  the  provisional  statistics  for  last  year,  1899,  the 
total   production    of    coal   and    lignite  in  France  amounted  to 


•  • 
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furnace  has  increased  from  18,500  to  24,000  tons.  It  has 
attained  to  30,000  in  the  departments  of  Meurthe-et-Moselle  and 
Nord,  and  to  as  much  as  40,000  tons  in  Pas-de-Calais,  where 
the  material  treated  consists  almost  entirely  of  Bilbao  ores, 
specular  ores  from  Elba,  and  the  manganiferous  ores  from  the 
south  of  Spain,  and  of  which  the  iron  contents  are  far  higher 
than  those  of  the  oolitic  ores  in  the  eastern  districts. 

The  average  consumption  of  coke  per  ton  of  iron  was  1*260 
ton  in  1898.  In  1888  it  was  only  11 68  ton,  and  this  difference 
is  due  to  the  different  quality  of  the  coke  and  to  the  lower  yield 
of  the  ore  at  the  present  time. 

The  manufacture  of  charcoal  iron  has  become  very  insigni- 
ficant. It  is  carried  on  in  five  departments — Charente,  Dordogne, 
Landes,  Haute-Mame,  and  .  Haute-Sadne — simply  because  of  a 
small  demand  for  special  qualities.  The  same  may  be  said  of 
the  iron  made  with  a  mixture  of  charcoal  and  coke,  which  is  only 
produced  in  Cher  and  Haute-Mame  for  foundry-work.  These 
two  kinds  together  do  not  amount  to  a  hundredth  part  of  the 
total  production. 

Disregarding  the  kind  of  fuel  used,  the  production  of  iron  may 


be  classified  according  to  its  intended  use  as 

follows  :- 

- 

1888. 

1898. 

Increase. 

Metric  Tons. 

711,600 

104,000 

26,200 

Forge  iron  for  paddling  and  steel-making   . 

Foundry  iron        .        .        .        . 

Direct  castings 

Totals 

Metric  Tons. 
1,306,400 
313,100 
63,800 

Metric  Tons. 
2,018,000 
417,100 
90,000 

1.683,300 

2,525,100 

841,800 

The  production  of  ferro-manganese  and  other  special  iron  in- 
cluded with  the  forge  iron  above,  was  10,692  tons  in  1898,  and 
was  1140  tons  less  than  in  1888. 

Although  twenty-two  departments  were  producing  pig  iron  in 
1898,  only  seven  had  an  annnal  out-turn  of  over  50,000  tons. 
The  following  table  shows  the  production  according  to  the  de- 
partments classed  in  groups : — 
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A»  ne^^nls  forge  iron^  Meurthe-et-Moselle,  with  its  production 
wt  XM^iM^O  tons»  of  which  682,300  tons  is  basic  pig,  makes  57 
\^t  iH»ut^  of  the  total  The  departments  of  Nord  and  Pas-de- 
V'nUi^  which  constitute  the  next  group  in  order  of  importance, 
«n^  (Ur  Whiud  with  367,000  tons.  Seventy-nine  per  cent.,  or 
^J^v4(H^  tv^u$  v^  the  foundry  iron,  are  also  produced  in  Meurthe- 
^(-Mvv»^U^  which  is  fv>Uowed  by  Loire-Inferieure  and  Haute- 
M^r^^  NvMi^  of  the  other  departments  produce  more  than 
UWHV  Iv^wk  K*  durxv^  c*s;:ry:s  Meunhe-ei-Moeelle  takes  the 
UnavI  wuh  ^^>vrvV  K^tt$w  or  77  per  wet.  of  xhn  touL 

N^Mtly  5^^  >*i^^li^  \oxvr  9i^  jwr  ofc:.^  of  tbe  direct  castings 
kw^W  w^  r^MOfcv'^^  *w  p«vxi«!v>ed  is  ire  wvjrfa  —  The  Sod^t^ 
.<uvi;k,v  t«N?  sW  MA*55f^Ks*unf^iiajt  *c  F>:c>i«ii»  de  Poct-a-Mousson 
.i^KV  w  ^V'Vsv  A^*«^^fw  Xl^callxrp^^w  i^A^cciTes  et  Yiilerupt, 
l\\bt  r«  Vv*a::^,>v**^-\1.*^V.*?:  Urf  ^vvikOi  3t«ill,irpq^tte  du  P^ri- 
^^^^t  i^  Ivi*  *^  v^-jcvtt^r^ ,  5ijrf  wvcks  12  lt-'aiLTr«.;ctt  in  Allier 
:>v\^i*^*  #^  ir^  ^•>t^  ^vivw  J;5vr£j>f^3w  i*  Ci^nuufoiry-FjGxduunbault 
x^*j  iVv^civ^-   t^  V.   tav/  ;>t^  ^^^:l^c*^  iavra*m«  i»  Ej^isi-^Focimeaux 

*'n^  4^i*xi'^  **x^»tt|  v^;  >i^l^*:i)\^>JO-X!/«m.«^  wutip*  ivsa  now  the 
'>i^vi>»v^  v/it    v^    \*i;;    i»/4  *n'^irvHiuvr-ti.5f<  :«^  jir^aclx  »  jcill  en  the 

%.^<t«uN^  '>v\  *♦   ^%v*\**w  .v»  t*ni  i\/^  'jy^v  ^liKir-riCTiiias  iiiT\?  been 

Ki.l^     *,,v*     ,x  Ui^^N     li     ^^H^tf^     ;»     «>;USS.r*lu\:uU»    *»-"iL    ^SOIU.    be    pUt 

u  >%)%vk»  ''  cv  {»  ).tv  Ti^i.ni  ,K»t  {1}  lurtjc  TiwuHTfy  'Tuuiss  arc 
•  '  \  *  x*.«x.,  "s  '^u»vxt  tv»^  *um;h.*$:  la  •«  J«aL  rffl*:QHL  and 
*vN*.»v  xti  .)v\>*.  -^UxO  t-iT»  u  , -.js.ctu'a  u  l?vSf  JiLit9  been 
•*\\Mvv^  M\%*,N.  ^'%  uii     K'    i*j>*    tn  '*-*4>>   iv^^tittC  TWtiu  liiifir  iot- 

^v;vwv*      \*t  ..NX     ^*\»      \\  »* 'nj^'vun^-.u^^s      II      '^^tX'T*    "Xl     JUXnSBSt    ^CjiBMT 

;«     ^^»<^,;,     t»,.*o\v*v    -^  *  f      \*      *>.*\*>\  5.i>^    *;;..\4    km    luc   TfiftriY    an 
.^    .^  »\. ».  ^.>    V  \^  tvt.>\,*    s    •>    V        -.O"^.  *,s     %  »t  r»    I V  fit*  "TUCTmses 

•»     ■  N     ,,^  "N     \      N  •^"-•',    *  •  .       ■  N,      '•  t .     ^     ',.  M:irv  *^WT)rTTyiftt 
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through  twenty  departments,  of  which  the  leading  ones  are  given 
below  in  the  order  of  their  out-turn : — 

Puddled  Iron. 

Metrio  Tom. 

Nord 226,930 

Ardennes 62,773 

Haute-Marpe 53,889 

Meurthe-et-Moselle 36,189 

Sadne>et-Loire 31,662 

Loire 28,089 

AUier 19,737 

Jura 16,737 

Owe 12,921 

Ari^ge 12,304 

The  production  in  the  department  of  Nord  is  thus  accountable 
for  42  per  cent,  of  the  total. 

The  order  of  importance  of  the  different  districts  as  regards 
the  yield  of  re-manufeu^tured  iron  is  practically  the  same  as  for 
puddled  iron,  with  one  exception.  The  department  of  the  Seine 
takes  the  second  place,  although  no  puddling  is  carried  on,  with 
a  production  of  37,000  tons,  mainly  in  the  form  of  girders. 

The  increase  in  the  output  of  re-manufactured  material  shows 
that  it  is  more  profitable  to  work  up  some  kinds  of  old  iron  and 
scrap  rather  than  to  melt  it  down  in  the  open-hearth  furnace. 
This  work  is  the  mainstay  of  many  small  and  scattered 
businesses  which  depend  on  a  limited  local  demand  for  small 
sections. 

The  nature  of  the  products  in  these  two  years  is  given  in  the 
table  below : — 


1888. 

Metric  Tona. 
699.100 
800 
117,100 

1898. 

Merchant  and  apecial  iron 

RaUa 

Sheets  and  platea 

Metric  Tons. 
695,700 
200 
70,600 

Totali       .... 

817,000 

766,400 

Forty  departments  have  contributed  to  these  totals,  but  the 
combined  output  of  eleven  of  them  did  not  exceed  a  thousand 
tons.  Steel  tends  to  replace  wrought  iron  altogether  in  the 
manufacture  of  sheets,  and  even  of  rails,  which  were  only  made 
of  wrought  iron  in  1888,  when  they  were  of  light  section.  The 
manufacture  of  merchant  and  special  irons  has,  however,  re- 
mained practically  constant  during  the  decade. 
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The  production  of  basic  steel,  which  was  only  37  per  cent, 
in  1888,  has  increased  to  58  per  cent,  of  the  total  product 
in  1898. 

The  following  table  gives  an  account  of  the  nature  of  the  pro- 
ducts made  by  the  two  processes  in  1898 : — 


Bessemer. 


Rails 

Sheets  and  plates       .... 

Merchant  steel  and  special  products,  \ 
including  cannon,  forgings,  axles,  > 
springs,  and  tires  .        .        .        .  j 

Castings 


Metric  Tons. 

237.165 

77,662 

347,550 

9,300 


Open-Hearth. 

Metric  Tons. 
6.641 
196.691 

260.431 

10,000 


Total 

Metric  Tons,   i 
242,806 
274,363 

607,981        I 

19,300 


Steel  rails  were  rolled  in  eleven  departments,  but  as  a  matter 
of  fact  96  per  cent,  of  the  total  was  produced  in  six  departments, 
where  heavy  sections  for  the  great  railway  lines  are  made.  In 
order  of  production  these  were : — Nord,  60,000  tons ;  Meurthe- 
et-Moselle,  54,000  tons;  Pas-de-Calais,  46,000  tons;  Gard, 
51,000  tons;  Landes,  25,000  tons;  Loire-Inf^rieure,  18,000  tons. 


Bessemer  Steel, 

Eleven  departments  have  contributed  to  the  total  of  the 
production  of  Bessemer  steel,  and  the  leading  ones  are  as 
follows : — 


1888. 

1898. 

Meorthe-et-MoseUe 

Nord 

Pas-de-Calais 

Sa6ne-et-Loire          .... 

Landea 

Gard 

Loire-Inf^rieure      .... 
Loire 

Totals 

Other  departments 

Grand  totals   .... 

Metric  Tons. 
150,800 
87,800 
61,500 
82,700 
37,100 
24,300 

4.000 

Metric  Tons. 
526,800 
120.000 
65,800 
62,200 
45,300 
32,000 
25,300 

398,200 
6,100 

877.400 
6,200 

403.300 

883,600 

The  5000  tons  in  1888  and  the  6200  tons  in  1898  were  steel 
castings  made  with  the  aid  of  special  small  converters,  of  which 
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works  of  the  Compagnie  des  Mines,  Fonderies  et  Forges  d'Alais 
at  Bess^ges  in  Gard ;  and  the  works  of  the  Soci^te  anonyme  des 
Aci^ries,  Hauts-Fourneaux  et  Forges  de  Trignac  at  Trignac  in 
Loire-Inf^rieure. 

The  production  of  ingots  and  castings  of  Bessemer  steel  in 
1899  was  930,800  tons,  that  is,  47,200  tons,  or  5  per  cent,  more 
than  in  the  preceding  year. 

Open-Hearth  Steel. 

During  1898  open-hearth  steel  was  made  in  twenty -one  de- 
partments, to  the  extent  shown  by  the  following  table,  which 
gives  the  figures  for  1888  for  the  sake  of  comparison : — 


1888. 

1898. 

1  Metric  Tons. 

Metric  Tona. 

Nord 12,800 

98,000 

Sa6ne-et-Loire 

35,380 

80.709 

Loire    . 

45,700 

60.881 

Loire-Inf^rieure   . 

.  1          8,667 

46,603 

Allier  . 

.  1        n,800 

88.182 

Gard    . 

20,029 

33,704 

Niivre 

9,000 

25.824 

Morbihan 

12,500 

25,106 

Oise      . 

2,258 

22,307 

Meurthe-et-Moselle 

. 

1,685 

18,525 

Haute-Mame 

. 

3,405 

17.376 

Aveyron 

• 

17,039 

Paa-de-Calai> 

. 

12,729 

Landes 

2,132 

10,626 

Ardennes 

3,930 

8,680 

iBkve    . 

2,836 

6,986 

Meute  . 

4,950 

6.522 

Jura     . 

6.870 

5,843 

Ariige.        .        . 

1>421 

5,231 

Haute-Rbiii 

.   ,          3.144 

4,910 

Doubg 

4.347 

1 

rouif 

I 

188,457 

550,121 

This  production  was  obtained  from  fifty-nine  furnaces  in  1888, 
anil  from  eighty-five  in  1898,  so  the  average  annual  out-turn  per 
furnace  has  increased  from  3225  to  6472  tons,  or  100  per  cent 
There  are  now  thirty-five  works  containing  open-hearth  furnaces, 
as  a^^ainst  eleven  with  Bessemer  converters,  neglecting  the  small 
converters  for  special  castings,  but  no  particular  department  has 
a  preponderating  position  in  the  manufacture,  as  is  the  case  with 
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produced  500  tons ;  Tarn,  200  tons,  and  Is&re,  180  tons,  and  there 
were  thirty-nine  furnaces. 

c  Crucible  cad  steel  was  made  in  the  departments  of  Loire, 
11,800  tons ;  Tarn,  1600  tons ;  Allier,  1200  tons ;  Ardennes,  845 
tons ;  Isire,  608  tons ;  Nord,  250  tons,  and  elsewhere.  Altogether 
ten  departments  contributed,  the  number  of  furnaces  being  fifty- 
three,  with  664  crucibles. 

To  the  production  of  various  kinds  of  steel  mentioned  above 
may  be  added  the  out-turn  of  re-manufactured  old  steel,  which 
was  9900  tons  in  1888,  5300  tons  in  1898,  and  9000  tons  in  1899. 
This  gives  the  following  totals  for  the  steel  made  in  France  in 
three  years : — 


1888.  1898. 


Meiric  Tons.      Metric  Tom. 
ProdQotkm 625,460  1,459,S00 


1889. 


Metric  Tom. 
1,564,300      I 


External  trade  in  steel  has  not  suffered  any  great  change,  as 
will  be  seen  from  the  following  table : — 


1888.  1898.  ■      Inorease. 

I  ~~  ' 

Metric  Tons.  Metric  Tons.      Metric  Tons. 

Imports 10,000  10.900  SOO 

Exports 85.200  72,200  37,000 


Recent  Progress. 

Not  only  has  there  been  great  progress  in  the  iron  and  steel 
industry,  as  shown  by  the  preceding  statbtics,  but  many  and 
important  changes  have  been  made  in  plant  and  machinery,  and 
in  the  composition  and  quality  of  the  products. 

In  Bessemer  steelworks,  the  principal  innovation,  especially 
in  the  eastern  districts,  consists  in  the  employment  of  metal 
mixers,  which  not  only  ensure  a  more  regular  composition  in  the 
iron  used,  but  also  desulphurise  it  and  render  the  steelworks 
independent  of  blast-furnace  variations.  The  basic  converter 
has  also  been  subjected  to  several  improvements  in  details,  to 
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DISCUSSION. 

The  President  said  he  need  not  express  the  gratitude  of  the 
members  for  such  an  acceptable  paper. 

Mr.  Gruner,  Member  of  Coimcil,  said :  I  owe  probably  to  my 
position  as  a  foreign  member  of  the  Institute  Council,  the 
honour  of  saying  a  few  words  on  the  subject  of  the  paper  which 
has  just  been  read  to  you,  for  really  I  do  not  know  that  I  have 
any  other  authority.  It  is,  nevertheless,  suflBcient  to  allow  me  to 
say  that  we  must  proclaim  the  work  of  Mr,  Pinget  to  be  of  the 
greatest  interest  and  merit.  He  gives  us  a  veiy  complete  history 
of  what  has  been  done  in  France  during  recent  years,  and  if,  as  the 
author  very  truly  says,  no  great  inventions  have  been  forthcoming 
in  the  metallurgical  world,  it  is  none  the  less  true  that  France 
has  been  found  to  be  a  very  fertile  country  in  implying  the  in- 
ventions of  recent  years ;  and  with  r^ard  to  what  concerns  me 
more  particularly,  I  can  say  that  there  is  probably  no  other 
country  which  has  better  understood  the  application  of  the 
scientific  ideas  of  recent  years  than  France;  there  is  probably 
not  a  country  where  they  make  steel  and  iron,  but  especially 
st-ool,  so  carefully  and  so  scientifically,  and  produce  such  varied 
and  such  excellent  work  as  in  France,  I  give  this  testimony 
before  Englishmen,  I  am  quite  certain  that  no  one  will  con- 
tradict me.  The  number  of  Frenchmen  who  have  devoted  their 
lives  to  forming  and  producing  steels  of  a  delicacy  and  of  an 
oxcellenoe  which  is  to-day  known  throughout  the  world  is  a  very 
large  one.  From  this  point  of  view  Mr,  Pinget's  paper  deserves 
to  be  read.  1  think  that  the  whole  meeting  would  like  to  join 
with  me,  and  that  1  shall  be  the  interpreter  of  the  Iron  and 
Steel  ln<itil4it-o  in  thanking  it*  author  for  having  presented  it  to 
us  in  such  a  elear  and  striking  manner  as  he  has  done. 

Sir  ^/^^^'TT?]AX  Bei.l,  TUirt.  Past-President,  said  the  review 
of  the  progress  of  the  science  which  it  had  been  their  duty  to 
oujtivftte  for  a  great  nianv  years  was  of  veTT  great  in^Kotmnce, 
lie  had  read  the  paper,  and  he  could  speak  with  some  little 
anthoritv   uix>n   it,  and   lie  ventured  to  sav  that  there  was  no 
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IRON  AND  PHOSPHORUS. 


Bt  J.  E.  STEAD,  F.LC. 


PART    I. 

According  to^(*)  Dr.  Percy,*  no  less  than  seven  definite  chemical 
compounds  of  phosphorus  and  iron,  or  at  least  compounds  con- 
taining definite  atomic  proportions  of  these  elements,  have  been 
isolated.    They  are  as  follows : — 


Fe^. 

Fe,P. 

Fe^. 

Fe4P,. 

FejP*.          FeP. 

FejP*. 

Iron  . 
Pbo«pborus 

Per  Cent. 
91&4 

8*46 

Per  Cent 
84-42 

15-58 

Per  Cent. 
78-32 

21-68 

Per  Cent. 
70-67 

2933 

Percent.    Per  Cent 
69-31          64-37 

30^          35-63 

Per  Cent. 
S7-54 

42*46 

Since  Percy's  time  no  very  elaborate  research  has  been  made, 
but  various  workers  have  added  to  our  knowledge  from  time  to 
tinia  What  has  been  done  in  recent  years,  however,  has  enabled 
metallurgists  to  see  that  they  had  yet  much  to  learn,  and  that 
the  last  word  has  not  been  written  about  the  relation  which 
exists  between  iron  and  phosphorus. 

Excepting  in  a  short  note  by  (^)  Professor  Arnold,  there 
has  been  little  published  respecting  the  microstructure  of  iron 
and  steel  containing  phosphorus;  and  as  this  branch  of  the 
research  has  practically  remained  untouched,  I  have,  with  the 
co-operation  of  a  large  number  of  metallurgical  friends  and 
assistants,  during  the  last  few  years  devoted  much  time  in 
endeavouring  to  clear  away  the  fog  which  surrounds  the 
subject  by  studying  with  the  aid  of  the  microscope  and 
chemical  analysis.  The  results  have  far  exceeded  anticipation, 
but  there  still  remains  much  to  be  done;  and  it  is  sincerely 
wished   that  metallurgical   students  will    not   only  repeat   the 

*  The  small  figares  coincide  with  the  index  numbera  of  the  BiUiogntphy  in  Appen- 
dix V. 
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Class  I. 

Phoiphonis  from  traces  to  aboat  170  per  cent. 

The  preliminary  examination  of  a  few  samples  containing 
between  1  per  cent,  and  2  per  cent,  phosphorus  clearly  showed 
in  the  latter  two  distinct  constituents,  one  consisting  of  crystal- 
line grains,  the  other  of  a  hard  constituent  enveloping  the  grains, 
closely  resembling  carbide  of  iron  or  cementite. 

The  samples  containing  between  1  per  cent,  and  1  *4  per  cent, 
were  quite  free  from  the  hard  constituent  It  thus  became 
clear  that  in  iron  containing  between  1*4  per  cent,  and  2  per 
cent,  phosphorus  there  must  exist  a  critical  point. 

After  making  many  "  melts  "  and  careful  micro-examinations 
of  the  specimens  prepared,  one  of  the  small  masses  of  metal, 
which  had  been  allowed  to  cool  very  slowly  in  the  crucible,  on 
sectioning  and  inspection,  was  found  to  be  free  from  the  hard 
constituent  near  the  outside,  but  contained  much  of  it  in  the 
central  portions.  The  exterior  part  was  cut  oflf  and  carefully 
analysed,  with  the  following  result : — 

Per  Cent. 

Carbon 0-02 

Silicon trace 

Sulphur 0-03 

Phoaphonu 1*63 

Manganese trace 

Valuable  data  was  also  obtained  from  a  very  crystalline  piece 
of  metal  which  was  found  lodged  between  the  bricks  in  a  puddling 
furnace,  and  was  taken  out  when  the  furnace  was  off  for  repairs. 

The  crystalline  particles  were  arranged  in  columnar  form,  which 
averaged  about  one  inch  in  length.  The  macrostructure  had 
much  the  same  appearance,  on  a  small  scale,  of  the  basaltic 
formation  at  Staffa.  Fracture  was  readily  effected  along  the 
columnar  junctions.  Each  complete  column  constituted  a  single 
allotriomorphic  crystal,  and  its  external  form  had  no  relation  to  the 
orientation  or  cleavages,  which  were  different  in  each  parallel 
column.    They  were  quite  free  from  carbon,  silicon,  and  manganese. 

On  examination  of  sections  made  vertically  and  horizontally 
through  the  columnar  masses,  the  columns  were  found  to  be 
enveloped  by  the  hard  constituent  above  referred  to. 
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The  object  of  this  more  rapid  cooling  was  to  ascertain  whether 
or  not  more  phosphide,  under  such  conditions,  would  be  left  in  the 
crystalline  mass.     The  analysis  of  the  metal  was  as  follows : — 

Per  Cent. 

Iron 97*35 

Oarbon 0*02 

Manganese NiL 

Silicon Nil. 

Phoiphonu 1*94 

Oxygen,  Ac 0*69 

100  OO 

Photphoms  in  free  phosphide 0*19 

Phosphorus  in  the  crystalline  mass  1*75 

It  is  apparent,  then,  that  iron  will  retain,  at  its  solidifying 
point,  between  1*63  per  cent,  and  1*75  per  cent,  phosphorus, 
the  amount  varying  slightly  according  as  the  passage  from  the 
liquid  to  the  solid  state  is  rapid  or  retarded. 

Under  normal  conditions  of  cooling,  in  which  the  molten  metal 
is  withdrawn  from  the  fire  and  allowed  to  solidify  in  the  crucible, 
it  may  be  accepted  that  1*70  per  cent  phosphorus  will  be 
retained  in  the  crystalline  mass,  and  that  any  of  the  element 
exceeding  1*70  per  cent,  will  fall  out  of  solution  in  the  definite 
compound  FCgP,  which  will  then  form  cell  walls  to  the  crystalline 
grains  or  irregular-shaped  eutectic*  masses  distributed  throughout 
the  metal. 

Judging  from  the  variable  amount  of  phosphide  retained  by 
the  iron  at  its  solidifying  point,  and  the  ease  with  which  some  of 
what  is  so  retained  can  be  thrown  out  of  solid  8olution,t  proof  of 
which  will  be  given  later,  I  am  justified  in  concluding  that  all 
the  crystalline  compounds  containing  no  free  phosphide  of  iron 
(triferric  phosphide)  are  solid  solutions  in  iron,  not  of  phosphorus, 
but  of  the  definite  chemical  compound  FCgP. 

On  the  Action  of  Reagevis  on  the  Metals  of  Class  I. 

Metals  containing  between  O'lO  per  cent,  and  1*70  per  cent, 
phosphorus  leave  a  black  residue  on  treatment  with  dilute  hydro- 
chloric acid  or  sulphuric  acid.  The  amount  of  the  insoluble 
residue  increases  with  the  phosphorus.  The  less  the  phosphorus 
the  slower  is  the  aqtion  of  the  acid. 

*  Notes  on  eutectics  wiU  be  foand  in  Appendix  I. 

t  Notes  on  solid  solutions  will  be  found  in  Appendix  II. 
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the  acid  for  two  weeks,  the  other  for  four  days.  The  atomic 
ratio  of  the  iron  and  phosphorus  in  the  black  residue  was  as 
follows : — 

lit  sample,  treated  with  add  for  14  dayisFePi.Tg 
2Dd  mnple,  treated  with  add  for  4  dayssFePi.ao 

The  fact  that  the  long-continued  action  of  hydrochloric  add 
on  FegP  leaves  a  black  non-magnetic  residue  similar,  as  regards 
the  ratio  of  the  iron  to  phosphorus,  to  the  residues  from  iron 
and  phosphorus  compounds  containing  no  free  phosphide,  is 
strong  evidence  in  proof  that  such  compounds  are  solidified 
solutions  of  phosphide  of  iron  in  iron. 

There  can  be  no  doubt  that  the  residues  in  both  cases  are  de- 
composition products,  and  are  not  definite  chemical  compounds. 

The  property  of  spontaneous  combustion  at  80^  C.  may  possibly  be 
due  to  the  presence  of  one  of  the  higher  hydrides  of  phosphorus. 

The  study  of  these  residues  is  a  research  in  itself,  and  one 
which  must  be  carefully  followed  before  we  can  feel  justified  in 
forming  definite  conclusions. 

On  etching  together  in  dilute  acids  polished  pieces  of  iron  or 
steel  containing  varying  proportions  of  phosphorus,  they  darken 
relatively  with  the  proportion  of  phosphorus  present.  Taking 
advantage  of  this  observation,  I  have  found  it  valuable  in  detect- 
ing the  segregation  of  phosphorus  in  soft  steel  bars ;  for  where 
there  was  most  phosphorus  the  ferrite  darkened  relatively  more 
rapidly  (on  the  continued  acid  of  dilute  acid)  than  did  the  ferrite 
in  the  portion  external  to  the  segr^ate. 

An  instance  of  this  has  quite  recently  come  under  my  notice. 
A  test-piece  cut  from  a  gun-forging,  on  etching,  darkened  rela- 
tively more  rapidly  in  one  part  than  in  the  greater  mass  of  the 
section.  On  drilling  out  the  dark  and  light  portions  and  sub- 
jecting them  to  chemical  analysis,  the  phosphorus  was  found  to 
be  0'12  per  cent  in  the  dark  portion,  whilst  the  light  part  con- 
tained only  0*03  per  cent.  As  the  bar  failed  to  stand  the  regu- 
lation test  entirely  owing  to  the  segregation,  it  is  reasonable  to 
conclude  that  if  a  steel  shaft,  or  other  structure  which  has  been 
turned  up  at  one  end  in  a  lathe  and  roughly  polished  on  ordi- 
nary fine  emery  paper,  were  to  be  placed  in,  or  washed  by,  dilute 
add  for  a  minute  or  two,  such  segregation  would  be  at  once 
detected.     I  have  actually  tested  many  samples  in  this  way,  and 
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Works.  They  were  taken  from  a  charge  of  metal  in .  a  basic- 
lined  converter  during  the  after-blow.  The  small  ingots  were 
much  honeycombed,  but^  for  all  that,  a  sufficient  quantity  of 
clean  drillings  was  obtained  from  each  upon  which  to  experiment. 
In  each  case  one  gramme  of  drillings  was  used.  Tiiey  were 
dissolved  under  different  conditions.  One  set  was  dissolved  in 
strong  concentrated  hydrochloric  acid,  using  20  ac  of  acid. 
Solution  was  accelerated  by  heating.  When  dissolved,  the  solu- 
tions were  just  brought  to  the  boiling-point  They  were  then 
oxidised  with  nitric  add,  well  boiled,  and  finally  the  phosphorus 
remaining  in  the  solution  was  gravimetrically  determined. 

In  a  second  series  the  same  treatment  was  followed,  with  the 
exception  that  the  acid  was  diluted  with  an  equal  volume  of  water. 

In  a  third  series  the  treatment  was  the  same  as  in  the  second, 
excepting  that  solution  was  allowed  to  take  place  in  the  cold. 

The  total  phosphorus  having  been  determined  in  each  case,  the 
difierence  between  that  obtained  by  the  special  treatment  and  the 
total  was  accepted  as  that  portion  which  had  passed  off  as  gas. 
This  method  was  much  easier  to  work  than  that  of  Osmond  and 
Juptner,  and  had  the  advantage  that  a  large  number  of  assays 
could  be  made  simultaneously. 

The  results  obtained  were  as  follows : — 

Analyses  of  SanifJes, 


1  Iron     . 
I  Citfbon 

Photuborua . 
'  Not  d^t^nnin«^i 


1. 

1 

a. 

4. 

6. 

PwOent. 

PierOnt. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

97-80 

98-20 

sero 

96-90 

99-eo 

0-06 

0-06 

0-05 

0-04 

0-04 

i-es 

ia2 

0^ 

0-23 

0065 

0-45 

0-4S 

0-6S 

0-83 
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100-00 
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100-00 


100  00 
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to  account  for  the  phenomena.  A  probable  explanation  is  that 
the  more  attenuated  the  phosphide,  and  the  greater  the  pro- 
portion of  iron,  and  the  more  nascent  hydrogen  available,  the 
more  readily  the  phosphide  will  be  decomposed  and  hydro- 
genised. 

Certain  results  of  Baron  Jiiptner,  referred  to  subsequently,  do 
not  appear  to  confirm  such  a  view ;  it  is  therefore  necessary  to 
await  the  results  of  further  research  before  we  can  form  other 
than  tentative  conclusions,  seems  to  point  m  the  direction  that 
the  more  diffused  the  phosphorus,  and  the  greater  the  proportion 
of  phosphine  formed,  the  safer  the  steeL 

This  question,  however,  will  be  furdier  discussed  in  Part  II., 
when  the  influence  of  carbon  is  considered. 

When  nitric  acid  of  specific  gravity  1*42  is  poured  upon 
iron  containing  little  phosphoms,  the  iron  becomes  passive, 
and  will  not  dissolve  until  the  solution  is  heated;  but  when 
the  percentage  of  phosphorus  is  high,  say  between  0*6  per  cent, 
and  1*7  per  cent,  the  passivity  disappears  and  the  acid  attacks 
the  metal  violently. 

In  very  dilute  solutions  its  action  resembles  that  of  sulphuric 
and  hydrochloric  acids,  ferrous  nitrate  and  the  black  decom- 
position product  being  formed. 

With  nitric  acid  of  specific  gravity  1*20,  and  at  a  tempera- 
ture of  about  20^  C,  a  perfectly  dear  solution  results,  free  from 
any  black  decomposition  product,  whilst  under  like  conditions 
free  phosphide  of  iron,  Fe3P,  is  but  little  acted  upon.  This 
reagent  then  is  a  very  good  one  for  separating  free  phosphide 
from  phosphide  of  iron  in  solid  solution.  Practically  all  the 
results  showing  the  amount  of  free  phosphide  of  iron  given  in 
this  paper  were  obtained  by  a  method  based  upon  this  beha- 
viour of  nitric  acid.  Details  of  the  m^hod  are  given  in  Appen- 
dix III. 

7^  Sfirci  of  Annralinff  Iron  saturated  mth  Phoqfhide  of  Iran. 

The  next  question  which  arose  was,  will  phosphide  of  iron 
separate  from  the  solid  saturated  compound  containing  above 
1*8  per  cent,  of  phosphorus  by  annealing  and  slow  cooling  ? 

To  answer  this,  a  large  piece  of  metal,  containing  about  1*8  per 
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The  outside  layer  was  veiy  spongj  and  porous,  and  contained 
oxide  of  iron  in  oonaidenble  quantity. 

In  this  layer  it  was  noticed,  on  micro-examination,  that  the 
areas  which  had  been  originally  filled  with  phosphide  eutectic 
were  quite  empty.  It  had  evidently  run  out^  and  had  been 
absorbed  in  the  spongy  oxide  surrounding  it,  leaving  cavities 
of  the  characteristic  shape  shown  in  Photo  No.  8.  In  no 
other  parts  excepting  these  could  the  cavities  be  detected. 

It  is  probable  that  the  figure  1*35  per  cent,  does  not  correctly 
represent  the  phosphide  held  in  the  iron,  as  some  of  it  was  no 
doubt  in  the  state  of  phosphoric  add.  The  other  analyses  made 
on  the  solid  and  non-oxidised  material  indicate  beyond  doubt 
that,  on  long  annealing  the  metal  saturated  with  phosphide  at  its 
solidifying  point,  a  portion  of  that  substance  separates  out,  leaving 
the  mass  with  only  about  1  per  cent.  phoq>horus. 

This  most  interesting  experiment  disposes  of  the  conception 
that  the  solid  solution  at  the  solidifying  pointy  containing  about 
170  per  cent,  phosphorus,  is  a  definite  diemical  compound. 

In  order  to  ascertain  whether  a  portion  of  what  separated  on 
annealing  at  about  900*"  C.  would  recombine  at  1100°  and  ISOO"", 
and  after  melting,  poitions  of  the  annealed  metals  were  heated 
for  half-an-hour  at  these  temperatures,  and  a  third  portion  was 
melted  in  a  magnesia  crucible.  They  were  then  cooled  and 
analysed.     The  following  were  the  results  obtained : — 


Heated  lo  Hmted  to 

nor  c,         isor  a 


Mdted. 


Per  Ce&t  Per  Gent.  Per  Cent 

PiMMpbonui  in  fm  ph<«pliiat    .  0-95  0-91  0*20 

Phoapboros  ia  kOM  •olaUon  1^1  ItK  174 


1«  1^  1-94 


They  show  clearly  enough  that  even  at  1300°  C,  a  point  not 
far  removed  from  the  point  of  fusion,  practically  no  ^osphide  was 
reabsorbed. 

ifi€Toscvfnc  Kxttmimaium  of  thf  AnneaUd  MetaL 

A  section  of  the  metal  before  annealing  and  decarburising 
is  rppreaented  in  Photo  No.  S,  in  which  it  will  be  seen  the 
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Physical  Properties. 

The  peculiar  property  of  brittleness  which  phosphorus  gives 
iron  is  well  known,  and  it  is  the  universal  opinion  that  that 
element  is  the  most  objectionable  of  all  the  metalloids  which 
enter  into  the  composition  of  steel  and  iron. 

Various  observers  do  not  agree  exactly  as  to  the  effect  of 
phosphorus  on  the  physical  properties.  (^*)  Professor  Howe,  in  his 
work  on  **  The  Metallurgy  of  Steel/'  gives  a  condensed  account 
of  the  results  obtained  by  many  observers,  and  forms  the  follow- 
ing conclusions : — 

**  1st  We  may  infer  that  when  the  phosphorus  is  above,  say, 
0*12  per  cent.,  it  probably  has  no  important  constant  effect,  for  if 
it  had,  the  analysis  of  statistics  should  yield  concordant  results. 

''  2nd.  Phosphorus  usually  raises  the  elastic  limit,  and  thus  the 
elastic  ratio,  an  index  of  brittleness ;  indeed,  the  elastic  limit  and 
breaking  strength  of  steel  occasionally  coincide." 

The  whole  question  as  to  the  effect  of  phosphorus  requires  to 
be  reinvestigated,  and  such  investigations  must  not  be  confined 
to  chemical  analyses  and  mechanical  behaviour  in  the  testing- 
machine,  but  should  include  the  character  of  the  microstructure, 
and  more  particularly  the  orientation'and  size  of  the  crystalline 
grains. 

The  great  variations  in  the  mechanical  properties  of  phospho- 
retic  steels  containing  approximately  the  same  amount  of  phos- 
phorus most  probably  is  caused  by  difference  in  structure.  I 
have  myself  obtained  widely  different  results  from  the  same  high 
phosphorus  steel  by  treating  it  so  as  to  obtain  such  variations. 

(^)  Professor  Arnold  has  given  the  results  on  examining  iron 
containing  1-37  per  cent,  phosphorus  and  0*07  per  cent  carbon. 

Such  iron  may  be  considered  as  nearly  saturated  with  phosphide 
of  iron,  and  to  have  the  following  constitutional  analysis : — 

Per  Cent. 

Iron 9016 

Phoipbide  of  iron  in  solid  solution    ....  879 

Carbide  of  iron 1*05 


100-00 

It  was  drilled  and  turned  with  difficulty.     On  etching,  the 
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Crystalline  Form. 

The  crystalline  structure  of  irons  containing  much  phosphorus 
is  apparently  the  same  as  pure  iron.  In  the  drusy  cavities  of 
ingots  of  each  there  are  to  be  found  the  fir-tree  growths  of 
crystallites  of  the  cubic  system.  It  does  not  appear  that  the 
dissolved  phosphide  modifies  the  crystalline  form,  but  possibly 
when  perfectly  measurable  crystals  are  isolated,  if  they  ever  are, 
it  will  be  found  that  the  phosphide  does  cause  some  slight  varia- 
tion. It  is  easy  to  obtain  rectangular  forms  by  cleavage  from 
large  crystalline  grains  of  iron  saturated  with  phosphide. 

There  is  an  increasing  tendency,  under  like  conditions  of  treat- 
ment with  increasing  phosphorus,  for  iron  to  crystallise  in  larger 
and  larger  crystalline  grains,  and  I  have  frequently  obtained 
in  fractured  metals  containing  above  1  per  cent,  phosphorus 
cleavage  faces  measuring  more  than  an  inch  across. 

Mr.  T.  W.  Sorby,  of  Sheffield,  very  kindly  annealed  for  me, 
in  one  of  his  cementation  furnaces,  a  portion  of  a  metal  contain- 
ing 1*15  per  cent,  phosphorus.  The  coarsely  crystalline  metal 
was  inserted  and  packed  with  sand  in  an  iron  tube  which  was 
closed  at  both  ends  with  fine  clay. 

The  temperature  to  which  it  was  subjected  must  have  been 
about  1000''  C,  and  it  was  maintained  at  that  temperature  for  a 
considerable  period.  When  cold,  the  appearance  was  found  not 
to  have  altered,  and,  on  breaking  it  to  pieces  and  selecting  such 
externcd  portions  as  had,  in  fracturing  the  metal  previous  to 
annealing,  broken  along  three  cleavages,  leaving  corners  in 
projection  bounded  by  three  cleavage  faces,  it  was  found  that, 
on  breaking  these,  cleavage  followed  the  planes  parallel  to  the 
faces,  proving  that  the  crystalline  organisation  had  not  been 
altered  by  the  prolonged  heating,  and  that  there  had  therefore 
been  no  allotropic  change  to  the  gamma  state. 

Sardnsss, 

Tlie  hardness  of  iron  is  steadily  increased  with  each  addi- 
tion of  phosphorus,  until,  when  it  is  saturated,  and  contains 
r7  per  cent,  phosphorus  as  phosphide,  it  takes  a  well-hardened 
steel  drill  to  drill  it  properly,  and  it  apparently  has  a  hardness 
on    Mohr*s   scale   of  just    under   6,   probably    5*50;    a    sharp 
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reaction   which   did    not  follow  when    the    black  deposit    was 

formed  by  etching  hardened  pure  carbon  steels.  It  evidently 

consisted   of   the   same  substance   which   is  left  insoluble   on 
dissolving  the  metals  in  acid. 

Class  IL 

PhosphoroB  170  per  cent,  to  10*2  per  oent. 

In  the  compounds  containing  a  little  over  1*70  phosphorus, 
the  eutectic  or  pearly  constituent,  being  last  to  freeze  or  soUdify, 
is  thrown  out  or  expelled  from  the  crystalline  grains,  and  forms 
fluid  boundaries  or  cells  round  about  them.  As  the  temperature 
falls  these  finally  solidify,  breaking  up  into  two  constituents. 
When  cold  the  polished  and  etched  structure,  under  low  power 
magnification,  has  the  appearance  of  an  irregular  meshed  net, 
the  spaces  being  filled  with  that  part  of  the  crystalline  grains  of 
metal  which  first  solidified. 

The  metal  with  1*8  per  cent,  phosphorus  (represented  in  Na  2 
photograph)  is  an  example  of  this,  and  somewhat  resembles  steel 
containing  1|  per  cent,  carbon. 

When  the  phosphorus  approaches  8  per  cent,  a  pearly  con- 
stituent occupies  the  greater  area,  and  on  this  ground  mass 
skeleton  arboriform  crystallites  abound,  consisting  of  the  saturated 
solid  solution  of  phosphide  of  iron  in  iron.  (No.  3  photograph 
represents  this  compound.) 

As  10*2  per  cent,  is  approached  these  crystallites  diminish, 
and  when  it  is  reached  the  whole  mass  or  area  is  pearl-like  in 
structure  and  no  crystals  are  visible.     (Photo  No.  4.) 

All  the  eutectics  of  the  metallic  alloys  have  not  the  same 
appearance  or  form,  but  most  of  those  I  have  examined  (and  I 
have  examined  a  very  large  number)  had  one  common  property — 
that  of  giving  the  pearly  structure,  first  discovered  by  Dr.  Sorby 
in  carbon  steels  after  they  had  been  polished  and  etched  by 
suitable  reagents. 

The  pearly  mass  with  about  10  per  cent,  phosphorus  and  90 
per  cent,  iron  is  the  true  eutectic,  or  the  most  fusible  of  the 
compounds  of  iron  and  phosphorus.  It  has  only  one  melting- 
point,  which  is  about  980^  C. 

The  melting-points  in  the  metals  of  Class  I.  steadily  fall  with 
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prove  that  the  dystals  are  a  definite  chftmifal  compound,  of  the 
formula  Fe^P. 

The  metal  sections  containing  the  well-formed  crystals  of  FCjP 
have  been  kindly  examined  for  me  by  Professor  Bauerman,  Pro- 
fessor Arnold,  and  Mr.  MacWilliam,  who  consider  that  they 
will  most  likely  prove  to  be  rhombic  or  oblique. 

So  far  only  the  sections  of  the  crystals  have  been  available  for 
examination,  but  it  is  hoped  that  before  long  they  will  be  isolated 
so  as  to  enable  the  angles  to  be  correctly  measured. 

In  my  paper  on  "  Hie  Crystalline  Structure  of  Iron,"  I  gave  a 
photograph  of  what  was  believed  to  be  an  idiomorphic  crystal  of 
carbide  of  iron. 

The  metal  section  photographed  contained  phosphorus.  On  re- 
examination by  the  heat-tinting  process,  I  found  that  the  crystals 
believed  to  be  carbide  were  not  so,  but  were  phosphide  of  iron. 
I  am  glad  of  this  opportunity  of  correcting  an  erroneous  conclusion 
which  any  one  might  have  made  previous  to  the  discoveries  of  the 
method  of  distinguishing  one  from  the  other.  Other  metallo- 
graphers  would  probably  find,  on  re-examining  their  specimens 
by  the  new  method,  that  what  they  had  taken  to  be  cementite 
was  in  reality  phosphide  of  iron. 


Class  IV. 

PhoBphorui  between  ISiSS  per  cent,  and  21*68  per  oent. 

When  the  phosphorus  is  increased  above  15*58  per  cent  some- 
what porous  ingots  result,  and  until  21*68  per  cent  is  present  it 
is  easy  to  separate  the  powdered  metal  into  two  distinct  parts. 

On  endeavouring  to  colour  or  stain  the  constituents  of  polished 
sections  so  as  to  identify  them  by  the  usual  etching  methods, 
no  success  followed  the  effort ;  but  on  heating  them  till  a  blue 
oxidation  temper  tint  was  just  visible  to  the  eye,  on  examina- 
tion under  the  microscope  two  differently  coloured  parts  became 
evident,  one  blue,  more  readily  oxidised  than  the  other,  and  a 
second  which  appeared  yellow. 

Both  constituents  were  practically  homogeneous,  and  were  evi- 
dently definite  chemical  compounds.  One  of  these  compounds 
was  less  soluble  in  nitro-hydrochloric  acid  than  the  other.  The 
more  insoluble  part  was  also  least  readily  attracted  by  the  magnet 
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It  is  not  often  that  compounds  can  be  separated  by  such  simple 
and  diverse  methods: — 

1st.  By  chemical  reagents. 

2nd.  By  the  magnet 

3rd.  By  heat-colouring  and  by  hand-separation. 

Of  the  three,  the  magnetic  method  is  by  far  the  most  perfect, 
for  whereas  FCjP  is  strongly  attracted,  Fe,P  will  not  rise  to  the 
magnet,  and  only  slightly  adheres  to  it  when  placed  in  contact 
with  the  finest  powder. 

Class  V. 

Phosphonu  81*6S  per  cent,  to  34  per  cent. 

By  the  expenditure  of  a  very  excessive  amount  of  phosphorus 
and  the  use  of  a  very  high  temperature,  iron  may  be  made  to 
combine  directly  with  sufficient  phosphorus  to  give  a  compound 
oontaining  24  per  cent,  of  that  element  This  is  contrary  to 
what  was  found  in  Dr.  Percy's  laboratory,  where  a  maximum  of 
8*46  per  cent  was  obtained  by  that  method.  It  is  nevertheless 
an  undoubted  fact  that  the  higher  phosphide  can  be  obtained  by 
direct  union. 

On  polishing  the  compound  so  obtained  and  tinting  it  by 
heating,  the  microscope  revealed  the  presence  of  two  differently 
coloured  constituents.  The  more  easily  oxidised  was  undoubtedly 
the  definite  compound  Fe^P,  but  what  the  second  was  has  not 
yet  been  determined. 

SUMHART   OF   PaRT   I. 

Class  L — PkospkoruSj  traces  to  1-7  per  cent. — ^The  metals  of 
this  class  consist  of  iron  containing  phosphide  of  iron,  FcgP,  in 
solidifieil  solution. 

All  the  metals  used  commercially,  such  as  wrought  iron  and 
steels  containing  prACticnlly  no  carbon,  may  be  included  in  this 
class. 

}n  proportion  as  the  phosphorus  is  increased,  the  polished  and 
etched  specimens  under  like  acid  etching  darken  relatively  with 
the  quantity  of  phosphorus  present 
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rounded  by  the  eutectic  containing  about  10*2  per  cent  phos* 
phorus.     (Photos  Nos.  5  and  6.) 

Class  IV. — Phosphorus  15*58  per  cent,  to  21*68  per  cent. — ^In 
the  slowly  cooled  compounds  of  this  class  we  commence  with 
pure  Fe,P  and  end  with  Fe^.  The  intermediate  compounds 
consist  of  mixtures  of  the  two  bodies,  easily  separated  from  each 
other  when  in  powder  by  a  magnet  FCjP  is  readily  attracted, 
Fe^P  very  slightly  so. 

Class  V. — Phosphorus  21  '68  per  cent,  to  24  per  cent. — This  class 
has  not  been  sufficiently  studied,  but  it  contains  two  constituents, 
one  of  which  is  Fe^P. 

PAET  II. 

Influence  of  Carbon  on  Iron  containing  Phosphorus 
when  melted  together. 

The  study  of  simple  binary  compounds  is  comparatively  easy 
compared  with  the  research  relating  to  compounds  containing 
three  or  more  elements,  and  in  giving  the  results  of  a  large 
number  of  experiments  with  compounds  of  iron  with  carbon 
and  phosphorus,  I  do  not  wish  it  to  be  supposed  that  the  re- 
search has  been  more  than  just  commenced. 

In  studying  the  compounds  containing  both  separated  massive 
carbide  and  phosphide  of  iron,  existing  as  they  often  do  side 
by  side,  it  has  been  found  that  the  etching  methods  will  not 
develop  indications  sufficient  to  enable  the  microscopist  to  tell 
one  from  the  other.  Mr.  Osmond  and  I  have  independently 
discovered  that  the  very  beautiful  method,  employed  first  by 
Professors  Behrens  and  Martens,  which  consists  of  simply  heat- 
ing the  polished  metals  till  they  are  more  or  less  coloured  by 
oxidation,  enabled  them  to  do  so.^  Carbide  of  iron  on  heating 
takes  the  oxidation  tints  of  straw-yellow,  yellow,  brown,  red, 
purple,  blue,  and  silver-grey  in  sequential  order.  Phosphide 
of  iron  passes  through  the  several  ranges  of  colour,  but  not  so 
rapidly  aa  the  carldde. 

When  a  piece  of  metal  which  contains  carbide  and  phosphide 
of  iron  is  heated  (by  placing  it  on  an  iron  plate  which  is  heated 
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carbon.  When  the  carbon  is  small,  the  phosphorus  eutectic 
is  found  at  the  junctions  of  the  grains  more  or  less  completely 
enveloping  them,  and  surrounding  it  the  pearlite  forms  most 
perfect  fringes,  well  illustrated  in  the  two  photographs  (Nos.  8 
and  9),  where  1*75  per  cent  phosphorus  is  associated  with  0*125 
per  cent  carbon.  With  0*7  per  cent  carbon  the  mass  of  the 
grains  consists  of  pearlite,  but  there  still  exist  areas  of  the 
phosphide  saturated  solid  solution.     (Photo  No.  10.) 

As  the  carbon  increases,  the  amount  of  the  phosphorus  eutectic 
and  the  pearlite  also  increase  in  quantity,  until,  when  about  0'8 
per  cent  carbon  is  present,  the  grains  consist  entirely  of  pearlite. 

When  the  carbon  is  increased  to  1*4  per  cent  the  eutectic 
of  phosphide  becomes  surrounded  by  a  solid  layer  of  cementite 
or  carbide  of  iron,  which  increases  in  thickness  as  the  carbon 
is  increased.  The  envelopes  of  carbide  are  solid  and  do  not 
consist  of  two  constituents,  whereas  the  enclosed  matter  has  the 
usual  broken-up  duplex  character  of  a  eutectia  The  white  car- 
bide and  phosphide  appear  to  run  into  one  another. 

When  a  section  of  the  metal  was  heated  till  the  eutectic 
assumed  a  yellow  tint,  the  cementite  borders  assumed  a  fine 
red  colour ;  it  was  easy  then  to  see  that  the  carbide  was  separate 
from  the  phosphide  at  a  most  clearly  marked  junction.  (Photo 
No.  11.) 

On  re-heating  it  to  about  OOO''  C,  and  allowing  it  to  cool 
moderately  rapidly,  the  greater  mass  of  cementite  was  found  no 
longer  as  an  envelope  to  the  phosphide  eutectic  areas,  but  now 
existed  as  independent  cells,  cutting  up  the  original  large 
grains  of  pearlite  into  a  number  of  smaller  grains.  The  phos- 
phide eutectic  retained  its  original  position. 

This  observation  appears  to  demonstrate  that  whereas  the 
phosphide  eutectic  does  not  liiffuse  at  900"  C,  the  carbide 
passes  into  solid  solution  at  that  temperature,  and  is,  on  cool- 
ing, redistributed  between  the  newly  formed  pearlite  grains.  In 
other  words,  it  behaves  in  a  similar  manner  to  what  it  does  in 
high  carbon  steels  free  from  phosphorus.  The  eutectic,  although 
retaining  its  original  position  at  900*"  C,  undoubtedly  must  have 
become  liquid,  for  it  had  altered  its  character;  the  two  con- 
stituents were  in  a  much  finer  state,  and  required  much  higher 
magnification  to  see  that  they  were  separate. 
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exact  composition  has  not  yet  been  determined.  A  sufficient 
quantity  of  the  compound  free  from  other  elements,  such  as  silicon, 
manganese,  &c.,  was  difficult  to  obtain,  on  which  to  squeeze  out 
the  eutectic  by  hydraulic  pressure. 

A  small  quantity  of  metal  yielded  a  fusible  liquate  of  the 
following  composition,  viz. : — 

Percent 

Phospfaoroi 7^06 

Carbon 1-80 

Iron 91-60 

d9-90 

This  was  not  pui-e,  and  is  only  given  here  as  representing  the 
approximate  composition  of  the  eutectic. 


The  Effect  of  Carbon  on  Iron  ooniaining  less  than  the  Saturation 
Proportion  of  Phosphide  Phosphorus  u>hen  melted  together. 

When  the  phosphorus  is  in  much  smaller  quantity  than  1*7 
per  cent,  if  the  carbon  is  in  sufficient  quantity  it  still  causes  a 
separation  of  phosphide. 

An  excellent  example  of  this  has  been  afforded  by  Mr.  £.  H. 
Saniter,  who  discovered  in  tho  hearth  of  an  open-hearth  basic 
furnace  a  piece  of  partially  converted  metal  which  had  remained 
in  the  bed  of  the  fumace  when  it  was  cooled  down  for  relining. 

An  analysis  of  this  metal  yielded  in  my  laboratory : — 

Percent. 

CaH>on  (by  oombnstion) 1*290 

Mangmnete 0*450 

SOioon OtMM) 

Sulpbur 0t)18 

Pboi2>honis 1*380 

A  portion  broken  off  from  the  same  material  yielded  the 
following  result  by  Mr.  Saniter's  analysis  : — 

Percent. 

Otahon 6-990 

Manganeee 0*490 

Silieon 0^065 

Solpbar 0-018 

Pboq>hon»i ^       0*840 

These  analyses  are  far  from  concordant,  and  are  evidence  of  the 
great  difficulty  of  obtaining  t^o  pieces  alike  from  a  mass  of  m^tal 


1 1 


!•■         •  •■•       ■• 


H 

•  •••» 


■    «■■••••    ■■    • 
«•••  •      ••       •«•     ••• 

m       •  •■•  •      ••        ■■•I  ■■•■ 

•  •     ■  f     •••  •     m*m 


•    •      • 

a.  ••       •• 


■  • 


■  •■ 


•»•••         •    •      ■•• 


90  IRON  AND  PHOSPHORUS. 

inclusions  of  pearlite  were  present,  consisted  mainly  of  phosphide 
of  iron.     (Photo  No.  13.) 

If  the  mass  had  been  cooled  less  slowly,  there  can  be  no 
doubt  the  central  portion  of  the  envelopes  would  have  shown 
the  compound  structure  of  the  eutectic  of  phosphorus  and  iron ; 
but,  as  is  very  common  in  alloys,  when  the  actual  mass  of  the 
eutectic  is  small  and  the  cooling  very  slow,  the  harder  constitnent 
had  coalesced  or  segregated  and  become  massive,  whilst  the  softer 
portion  had  been  thrown  out  and  united  with  the  greater  mass 
of  the  surrounding  metal. 

When  this  specimen  was  heated  to  900**  C,  and  was  allowed 
to  cool  in  a  few  minutes  from  that  temperature  to  500""  C,  the 
envelopes  in  the  polished  and  tinted  section  were  seen  under 
the  microscope  to  have  the  true  eutectic  structure.  They  were 
considerably  thicker,  and  occupied  more  space  than  the  original 
phosphide  areaa  The  eutectic  so  formed  resembled  that  in  white 
phosphoretic  pig  metals. 

This  complex  eutectic  is  what  is  always  found  in  white  cast 
iron  containing  phosphorus. 

On  breaking  a  section  of  the  original  metal,  which  had  been 
previously  polished  and  tinted,  the  line  of  fracture  passed  along 
the  phosphide,  in  the  centre  of  the  cell  walls. 

Mr.  Saniter,  previous  to  the  systematic  micro-study  referred 
to,  when  he  was  chemist  to  the  Wigan  Coal  and  Iron  Company, 
having  microscopically  examined  the  specimen,  and  having  found 
that  the  cell  walls  were  considerably  thicker  than  was  justifiable 
with  so  little  carbon  as  0*98  per  cent.,  and  knowing  that  the 
envelope  was  much  more  brittle  than  the  body  of  the  grains  of 
pearlite,  he  endeavoured,  by  crushing  and  sieving,  to  separate  the 
more  easily  powdered 'envelope  from  the  greater  bulk  of  pearlite. 
Of  course,  such  a  crude  mechanical  process  could  not  be  expected 
to  give  perfect  separation,  but,  with  the  assistance  of  chemical 
methods  in  addition,  he  obtained  some  most  valuable  results. 

By  Mr.  Saniter's  permission  his  original  results  are  here  given 
in  his  own  words : — 

^*  As  was  anticipated  on  examination  imder  the  microscope,  it 
was  evident  that  brittleness  was  caused  by  the  segregation  of 
a  hard  substance  with  the  appearance  of  cementite  along  the 
granular  junctions.     With  a  view  to  ascertain  its  composition 
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"  If  we  examine  the  eutectic  containing  0*64  per  cent  carbon 
and  0*62  per  cent  phosphorus,  we  find  that,  after  allowing  for 
iron  to  carbon  in  the  ratio  Fe^C,  the  composition  of  ordinary 
pearlite,  the  remaining  iron  is  in  the  ratio  Fe^^P,  a  figure  very 
interesting,  as  it  is  so  close  to  that  for  the  carbon  eutectic.  This 
may  be  only  a  coincidence,  and  it  would  require  a  considerable 
amount  of  investigation  before  it  could  be  determined  whether  or 
not  phosphorus  forms  a  similar  eutectic  to  that  of  carbon  with 
iron.     Calculating  on  these  lines,  the  pearlite  grains  consist  of — 

Per  Gent 
Fe^       .  nil 

Fe»P  3877  with  a  formulA  2*6  Fe,4C,  Fe»P." 

These  results  of  Mr.  Saniter,  obtained  some  years  before  my 
researches  were  completed,  coincide  closely  with  those  obtained 
at  Middlesbrough.  The  very  low  carbon,  however,  which  he 
found  in  the  finely  powdered  residue  may  be  due  to  the  fact 
that  some  of  the  comparatively  coarse  carbide  plates  of  the 
pearlite  escaped  the  sieve. 

It  is  possible  that,  when  there  is  a  considerable  quantity  of 
phosphorus  present,  the  pearlite  may  contain  about  0*6  per  cent, 
phosphorus,  and  the  smaller  proportion  found  dissolved  in  the 
compound  containing  3*5  per  cent,  carbon  given  on  p.  87  may 
be  owing  to  the  pearlite  present  representing  only  about  41  per 
cent,  of  the  mass. 

If  the  carbon  in  the  pearlite  is  0*75  per  cent,  and  that  in 
the  massive  cementite  6*666  per  cent,  by  calculation  the  sample 
with  3*5  per  cent  carbon  should  have  the  following  constitutional 
analysis : — 

O«rbon  Photphoros 

Per  Gent.                      per  Cent  per  Gent. 
Carbide  of  iron  (maidTe)         .    48  x  -0666        =        319 

PearUte 41   x   -0075        =        0-80 

Phoephide  of  iron  (free)   .        .      9  x   *1556        =          ...  1*40 

(diMolved)  .      S  X    1656        =          ...  0-31 

lOODO  3*49  1*71 

The  pearlite  would  in  such  a  case  contain  0*75  per  cent 
instead  of  0*60  per  cent  of  phosphorus.  If,  however,  we  re- 
member that  in  one  case  the  metal  was  cooled  very  much  slower 
than  the  other,  it  may  account  for  the  Sifierence. 

It  is  satisfactory  in  so  far  as  the  calculation  gives  about  the 
Sfune  amount  of  dissolved  phosphide  as  was  actually  found  in  the 
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falling  together  as  the  supportmg  ceUs  flowed  away,  united  to 
form  a  homogeneous  whole.  The  micro  sections  in  this  case 
showed  no  empty  spaces ;  no  cementite  or  phosphide  enveloped 
the  grains;  but  on  polishing  on  parchment,  broad  reticulated 
bands,  corresponding  to  the  original  positions  of  the  cells,  re- 
mained bright  long  after  the  intercell  structure  had  become 
tarnished,  showing  the  existence  of  parts  more  highly  charged 
with  phosphorus  in  the  regions  where  the  free  phosphide  had 
originally  existed.  Etching  with  acid  and  heat  oxidation  all 
confirmed  tliat  conclusion.  It  is  evident,  then,  that  some  of  the 
phosphide  had  diffused  into  the  grains,  but  had  not  penetrated  to 
any  great  distance.  The  amount  actually  so  diffiised  is  shown 
by  the  analysis  to  be  0*11  per  cent  In  one  or  two  parts  of  the 
section  comparatively  large  solidified  ^  pools  "  of  the  eutectic  were 
located,  thus  accounting  for  the  free  phosphide  found  by  analysis. 
The  same  pools  or  areas  of  massive  s^r^ations  were  present 
in  the  original  metal  and  were  generally  located  at  the  junctions 
of  several  grains,  and  it  appears  reasonable  to  conclude  that  the 
surrounding  metal  under  such  conditions  could  not  fall  in  and 
join  together,  and  so  torce  out  the  liquid  eutectic;  it  would, 
therefore,  remain  imprisoned  at  the  very  time  during  which  the 
portions  of  the  eutectic  between  the  granular  faces  were  flowing 
out  of  the  metal 

If,  then,  the  eutectic  was  actually  expelled,  it  should  be  found 
in  the  scale  in  which  the  metal  was  packed.  Fortunately  a 
portion  of  this  had  been  reserved.  It  was  tested  together  with 
a  portion  of  the  scale  before  it  was  packed  in  the  tube.  The 
following  results  were  obtained : — 


Iron  . 
Phofphoms 


Befora. 

After. 

Per  Cent. 

Per  Cent, 

74-6 

96-8 

0^ 

0-24 

The  quantity  actually  used  was  considerable.  No  record  was 
kept  of  the  relative  weights  of  the  metal  and  scale,  so  that  it  is 
impossible  to  make  a  balanced  account  of  the  phosphorus. 

The  fact,  however,  that  the  phosphorus  in  the  scale  was  greatly 
increased  is  strong  proof  that  it  had  obtained  it  from  the  metal 

One  other  interesting  oliservation  was  made  on  the  sample. 
It  was  noted  that  the  metal  immediately  adjoining  the  scale, 
1  m.m.  in  thickness,  behaved  under  the  action  of  acids  almost 
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No.  1  . 
Na2  . 

Analyses 

OF 

Mbtals. 

Carbon. 
1-05 
1-06 

Phosphorus. 
0  020 
0-068 

Na3  . 

1-05 

0118 

Na4  . 

1-06 

0*245 

Micro-Structure. 

No.  1  was  slightly  meshed  with  cementite,  but  no  phosphide 
could  be  detected. 

No.  2  was  more  meshed  than  the  last,  and  phosphide  of  iron 
was  visible  after  heat-tinting. 

No.  8  was  more  meshed  than  the  last,  and  a  greater  pro- 
portion of  phosphide  was  visible. 

No.  4  had  phosphide  in  strong  evidence. 

Although  the  phosphide  was  in  strong  evidence  judging  from 
the  appearance,  only  a  veiy  small  proportion  of  the  whole 
seemed  to  be  in  the  free  state.  In  the  case  of  No.  4,  if  all  had 
separated  there  would  have  been  about  3  per  cent  of  the 
eutectio  visible,  whereas  probably  not  more  than  one-third  of 
that  amount  was  really  present.  A  further  trial  was  made  on 
a  larger  scale,  but  in  this  case  a  charge  of  about  50  lbs.  of 
molten  steel  was  poured  successively  into  five  different  small 
fireclay  moulds.  After  the  first  mould  was  filled  a  stick  of 
phosphorus  was  dropped  into  the  fluid  steel  in  the  crucible, 
where  it  rapidly  dissolved.  After  mixing  a  second  mould  was 
filled.  A  second  stick  of  i^osphoms  was  then  added  to  the 
crucible  and  a  third  mould  filled.  After  each  mould  was  filled 
a  further  addition  of  phosphorus  vras  made  to  the  remaining 
steel  till  all  the  five  moulds  were  filled. 

The  analyses  of  the  steels  when  cold  were  as  follows : — 


No*. 


C«b«.         Pbcphonu.     ,?S:?{;:^ta. 


PisrOuit.  FsrOent  {       Per  Cent. 

0«                  OXW  NU 

0^                   0<N9  0-002 

0-95                  0-122  0-035 

0^                   0S47  0-065 

ItB                   0-54S  0163 


No  fbee  phosphide  could  be  detected  by  the  microscope  in 
Na  I.     In  Na  2  it  w«s  doubtful  if  any  was  present     No.  3 
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the  carbon  causes  the  phosphide  to  be  concentrated  either  in 
the  massive  ferrite  or  in  the  ferrite  of  the  pearlite,  or  in  both. 

Before  discussing  this  question,  reference  must  be  made  to 
the  valuable  results  given  by  (^*)  Messrs.  Osmond  and  Werth.* 
These  gentlemen,  on  treating  various  metals,  irons,  and  steels  with 
hydrochloric  acid  under  the  same  conditions,  found  that  the  pro- 
portion of  the  phosphorus  given  off  as  phosphine  gas  (PH^)  varied 
with  the  amount  of  carbon  present.  I  cannot  do  better  than  give 
a  short  abstract  from  their  most  valuable  paper.  The  phosphine 
evolved  was  absorbed  in  an  ammoniacal  solution  of  silver  nitrate. 

"  We  have  determined  the  quantity  of  Ag  reduced,  i.e.  the 
proportion  of  PHj  evolved  by  a  series  of  very  different  products, 
passing  the  gas  first  through  an  ammoniacal  solution  of  CdSO^, 
where  H^S  is  absorbed. 

"  Appended  are  the  results  obtained  on  dissolving  4  grammes 
of  each  metal  in  35  c.c.  eoncentrated  hydrochloric  acid  and 
gradually  heated  until  completely  attacked : — 


Analysis. 

P. 
Evolved 

Parts 

MateriaL 

asPH,. 

•  ^L 

. 

loop. 

--    -  — 

C. 

Mn.       Si. 

T. 

P. 

per  100 
Samples. 

asPH,. 

Per 

Per      Per   1   Per 

Per 

Per 

Per 

Atid  Be$temer  SUei— 

Cent. 

Cent   Cent.   Cent 

Cent 

Cent 

Cent 

Before  the  addition  of  spie- ) 
geleisen    .        .                .J 
After  sQch  addition 

0-065 

0-044 

68 

0-065 

0-028 

43 

Banc  BeBSfmer  Sttel— 

Before  the  addition  of  spie- ) 
geleisen     .        .        .        .  ) 
After  tnoh  addition 



0-038 

0-046 

0-030 

65 

0^022 

0D46 

0-018 

39 

Open-keartk  SUel— 

Before  the  addition  of  spie-  ) 
jfelei«en     .        ...  J 
After  snch  addition 

... 

0O33 

0-022 

67 

0-49 

0-37    0  075    0-024 

0-041 

0-014 

34 

Hardened     .... 

0-40 

0-37    0-075    0-024    0-041 

0-013 

32 

Verv  soft  steel     . 

018 

010      ...      0-060   0-070 

0-049 

1 
70 

**  Diamond  "  steel  No.  I,      . 

117 

018    0-44 

0-018   0-033 

0-005 

15 

Oniinary  Bessemer  steel 

0-50 

0-57    Oil 

0-042    0-065 

0-030 

46 

Ordinary  Bessemer  steel 

0  49 

074    0-28 

0-022   0-065 

0-026 

40      1 

Pig  iron        .... 

...     1     ... 

...      0^)55 

0-041 

38 

Bnmt  iron  from  the  Moselle,  ) 
in  p8cudo-ciyst*ls     .        .  f 

Oil 

trace    0*058 

0-0S2   0-810 

0147 

18 

Spiegeleisen. 

4-00 

19-84  1     ... 

...      0145 

0-004 

s     , 

l^sic  Bessemer  pig  iron 

:uyo 

216    1-71 

013     2-500 

0-037 

1-5 

Forge  pig  iron 

8i»0 

0-07    1-87 

0-48 

1-750 

0-038 

2-2     ' 

*  Tkeorif  CfUulairt^  Mem.  de  TArtillerie  de  U  Marine,  1S87,  voL  iL  p.  273. 
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the  state  of  PH^,  and  on  the  other  hand  from  steels  low  in  carbon 
the  preponderating  proportion  of  the  phosphorus  passed  off  as  that 
gas  on  dissolving  them  in  strong  hydrochloric  acid. 

Baron  Jiiptner  also,  in  his  researches,  shows  that  in  high  carbon 
metals  only  a  very  small  proportion  of  the  total  phosphorus  passes 
off  as  PH3.  He  does  not,  however,  appear  to  have  examined  steels 
with  more  than  0*30  per  cent,  carbon. 

The  following  table  gives  Baron  Jiiptner's  results,  and  in 
addition  the  percentage  proportion  of  phosphorus  given  off  as 
PH  ,  which  I  have  calculated  from  them,  viz. : — 


Phosphoms  per  Cent 

Carbon  per 

Photphonit 

No. 

Cent,  bj 

per  Cent. 

Parts  per 

Parts  per 

Remarks. 

Weight. 

by  Weight 

100  Sample. 
a8PH> 

loop, 

asPH,. 

A.  Piffiron. 

1 

2-385 

01316 

0X068 

200 

White  pig  iron. 

2 

8-418 

00744 

0-0026 

3-5 

Dark  grey  pig. 

S 

3-418 

0-0744 

0-0058 

7-8 

Dark  grey  pig,  diasolred  in 
sulphuric  acid  diluted 
wiUL  equal   Tolume   of 

water. 

4 

2-296 

1-048 

0-0388 

3-6 

So-eaUed  ''Paiiieiguss^  for 
fire-bars. 

5 

0-2254 

0-0970 

0*0054 

5-50 

Short 

6 

01800 

0-0696 

0-0020 

8-30 

Short 

7 

0-1510 

0<)690 

0-0012 

171 

Short 

8 

0-2S9 

01010 

Good  material. 

9 

0-259 

0-0860 

0-0015 

170 

GoodmateriaL 

10 

0-0964 

0-0162 

16-00 

Very  short 
Slightly  oold-short 

11 

0-273 

0-0469 

0-0054 

11-00 

12 

0-808 

0-1242 

0-0243 

20-00 

Cold-short 

IS 

0348 

0-5649 

0-0248 

4-0 

Cold-short 

14 

0122 

0-6212 

0-0190 

80 

Cold-short 

15 

0-375 

0-0847 

0-0171 

20-0     \ 
27-0 
25-0      > 

16 
17 

0-217 
0168 

0-0677 
0-0704 

0-0184 
0O177 

Increasing  in  oold-shori- 

18 

0137 

0-0648 

0-0218 

82-0      1 

ness. 

19 

0220 

0-0829 

0-0218 

26-0      ) 

A 

0110 

0442 

0-355 

80  .S8 

Welds  easily.  Very  great 
oold-shortness. 

B 

0-128 

0-456 

0-289 

63  35 

Welds  easily.    Great  cold- 

The  actual  tests  made  in  a  testing-machine  of  A  and  B  samples 
were  as  follows : — 


Tensile  strength,  tons  per  square  inch 
Elongation  on  50  millimetres,  per  cent 
Induction  in  area,  per  cent 


A  B 

27^  22-40 

8-40  12-00 

89-82  25-eO 
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in  those  with  less  carbon.  If  free  phosphide  is  liberated,  as  it 
has  been  proved  it  is  with  0*06  per  cent,  phosphorus  and  about 
1  per  cent,  carbon,  as  it  forms  meshes  round  the  grains,  it  must 
materially  reduce  the  strength  of  the  mass.  If  the  phosphide  is 
concentrated  in  a  part  of  the  iron  when  the  carbon  is  lower,  say 
between  0*5  per  cent,  and  0*8  per  cent.,  that  part  of  the  structure 
is  likely  to  be  more  liable  to  give  way  easily  under  sudden  stress 
than  if  it  was  not  so  highly  charged  with  phosphorus. 

It  must  not  be  at  this  stage  concluded  that  because  generally 
the  higher  the  carbon  the  less  PHj  is  given  ofiF,  and  vice  versa, 
that  it  always  is  the  case.  Possibly  variations  in  the  rate  at 
which  the  liquid  steels  are  cooled,  and  in  the  manner  it  is  heated 
previous  to  forging,  and  also  whether  or  not  it  is  annealed,  may 
have  influence  in  determining  in  what  condition  of  concentration 
the  phosphide  remains  in  the  finished  steel. 

This  section  of  the  subject  is  worthy  of  most  serious  research, 
and  it  is  to  be  hoped  that  the  chemists  in  the  many  steelworks 
throughout  the  world  will  endeavour  to  clear  away  the  darkness 
which  surrounds  this  very  complicated  branch  of  tlie  subject 

The  hypotheses  advanced  at  the  present  stage  of  the  research 
can  only  be  tentatively  held,  and  it  is  not  desired  that  they  should 
be  accepted  as  revealed  facts. 

Does  Quenching  Steel  after  Heating  to  High  Temperatures  affect 
the  Phosphonts  Condition  t 

(")  E.  D.  Campbell  and  S.  C.  Babcock  have  made  certain  inves- 
tigations to  determine  whether  or  not  the  phosphorus  condition 
is  different  in  the  same  carbon  steel  when  it  is  annealed  and 
hardened.  The  method  employed  consisted  in  dissolving  the 
steels  in  slightly  acid  solution  of  mercuric  chloride,  and  deter- 
mining the  amount  of  phosphorus  which  remained  in  solution. 
The  results  obtained  were  as  follows : — 

The  analyses  of  the  three  steels  experimented  upon  are  as 
follows : — 

1,  1  8. 

Per  CVnt,       Per  Cent.      Per  Cent. 
(\irbon      ....        OIW  037  1-22 


Pho«phona« 
BlAngAQetr 
Sulphur  . 
SUioon 


0119  0-16  0-098 

0^k^  0-82  0-780 

0^)68 

0-058 
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I  intend,  as  soon  as  time  will  permit,  to  work  with  the  method 
described  by  those  gentlemen,  and  shall  communicate  the  results 
at  a  later  date.  The  conclusion  they  apparently  have  arrived 
at  is,  that  varying  carbon  condition  in  a  steel  is  coincident  with 
varying  phosphorus  condition. 

On  the  Effect  of  Carbon  introduced  into  Phosphoi'dic  Iron  by  the 
Cementation  Process. 

(*)  Behrens  and  Van  Linge,  in  studying  the  constitution  of 
Dannemora  cemented  bar  containing  only  0*02  per  cent  of  phos- 
phorus, found  that  the  phosphide  separated  with  the  carbide, 
and  according  to  (^^)  Baron  Jtiptner,  they  found  that  the  phos- 
phide was  inside  the  carbide.  On  consulting  the  original  paper, 
it  would  appear  that  on  dissolving  the  cement  bar,  the  authors 
found  some  phosphorus  associated  with  the  insoluble  carbide, 
and  calculated  that  if  the  whole  of  that  element  existed  as  Fe3P 
there  should  have  been  about  0*2  per  cent,  insoluble. 

It  appeared  to  me  that  bars  with  so  little  phosphorus  as  0*02 
per  cent  were  not  the  best  upon  which  to  determine  the  reactions 
which  take  place  in  the  cementation  furnace.  With  the  most 
valuable  assistance  of  Mr.  T.  W.  Sorby  of  SheflBeld,  without 
whose  aid  no  practical  results  could  have  been  obtained,  I  have 
had  many  pieces  of  phosphoretic  bars,  &c.,  carburised  by  cementa- 
tion, and  these  were  c€irefully  examined. 

The  first  sample,  for  which  I  am  indebted  to  Mr.  A.  Cooper 
and  Mr.  C.  H.  Ridsdale,  consisted  of  a  piece  of  iron  taken  from 
metal  during  the  afterblow  in  a  basic  converter,  when  about  0-6 
per  cent  phosphorus  remained. 

A  second  sample  consisted  of  a  piece  of  puddled  bar  contain- 
ing about  0*5  per  cent,  phosphorus. 

The  following  are  the  analyses  after  carburisation : — 

Basic  Iron  (Cem^nf-ed), 

Per  Oral. 

Orbon  1*16 

Phospboras .  0*63 

Phosphorus  m  free  phospliide 0*02 

Phosphorus  in  solid  solution 0*61 

The  microscope  proved  that,  except  at  the  external  parts,  no 
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minxji  h»d  evi^^ntlr  HqojUed  bK^sn  tbe  speciiiiai.     It  was  de- 

^stchei  for  jLDJLysas.     On  frKSsmi^  u^  m^tal,  a  most  instructive 
£iDn>cs&i«  WAS  2«T«aled.     (Fboto  Xa  19.> 

Tbe  istesal  befoi«  tternxmcnx  W9&  ooBzselj  orrsUlliiie,  with 
ckttT^^  fibOK  S  cm.  *c3V)ss.  Afier  cazifoiasmti^di,  excepting  in 
A  sm&Il  benkd  wbere  tbe  iDetail  hnA  escaped  cart>cLr2sation  and 
mir««  tbe  oii^infil   sirD:itci«  remidiifcd  inlacl^  iLc   metal  was 

Tbt  txxi&msi  puts  of  tibe  stTDCtxiiv  wtov  ooaxselT  granular, 
loit  b^twseieai  iJiese  itnd  ibe  ifamal  ibe  cij^aaliine  masses  were 
arrfiXLxr^  in  ccimniiS  dearlT  iIinsQ-*i?d  in  the  j-Lcaogiaph. 

ronicais  were  taken   fram   fifid  posiDan&,  smd  these   were 

^pwUiely  aiuJrswi  with  the  f oUc'iriiig  resiLhs : — 


T*»wiriT<tMm, 


!»m  C^ttji    Pm  Onia    I^  Oera    Tm  Oaxt.  Vtx  Cent. 

Knmfu  «mtrf                                trww*  ^i**-  <'*H*  US  None 

IV.      hvantpi                                 r-2f;  ^-W  «'-fM  I'ftf'  Xooc 

1    .       ,       .  .               (»-*«•  '-r^  ri<f>  I'^flfi  0-42 

5'    .      .      ,  .              I'a^  ^v'^o  p-fi:  **•*»  o^M 

<^     .         .        ,                           1-2*»  li^.  O-,^  *ff7  0-89 

4  fa-mniu:  Kv«                          1  jn  (ifl  0:2!^  fr-GJ  IDS 


Thf  tintp  <:»i  mt^  mini  ihe  kcr^nL  cii  tbt  jjieoe  oontained 

PbosfihonRi 4  *Sf •  jar  annt. 

T}«*  xvinence  i?  w>tjc'!rs:v(  Lhai,  af^  tlrt-  cffrbon  passed  into  the 

TDor-ftl  itf^doTiniiatinciTifloffncf  ihrew  om  Uu  phosT»Iide,  equivalent 
t^  fcli  ^vwpUTic  u\yc*ux  (''^^  poi  cftnt,.  and  in  dning  so  pat>duced 
<ii:f>icieTit  gamma  iron  t-o  <»fitMt  a  cranjuexe  leanangement  of 
i.))(  j»i.rnrr.«?«i.  Thf  liqrnd  phnsT»)ir»-carhidf'  eniectic  thrown  off  to 
i.hr  hoimrmTio?  of  ihc  gniins,  tvjng  wuitaunons  and  extending  to 

Af  ihf  carlv>Ti  pft^^ft^^rl  luu-  thr  bau.  iron  miitiiiniiig  the  solid 
<v>'iuiiAn  of  plK«p)p*iA,  ar.  a'lloornpu  chance*  undflitijf-  infuence  of 
ihc  carh^df  mii^t  )»fivr  hot»r.  grfl^liml'r  <»fnxcrt*r*  and  wrnddent  with 
;))Rt  olmngf'  a  r/^oreft^i?^t'f^Ti  o:  r)u-  rrystallmt  stmcture.  The 
4*Tn^tnilipf*  dtvolopmont  mns^t  aW-  havf-  hi>en  gradual,  growing 
?»r^»a<]i!y  from  tbr  rvtorw  r/  thf  c^'ntrt.  roinr.ideiitalhr  with  the 
pr»T»Mr«r.>on  of  tiu'  oarhoB.     WhU/^  iron,  xinc,  and  other  metals 
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centre.  The  columnar  stractore  terminated  at  a  distance  of 
IJ  centimetres  from  the  centre,  and  was  replaced  by  ordinary 
polygonal  grains,  the  joints  of  which  contained  very  little  phos- 
phide, but  sufficient  carbide  to  completely  envelop  them.  Im- 
prisoned in  the  centre  of  these  grains  were  globular  masses  of 
eutectic,  and  at  wide  distances  apart  irregular-shaped  masses  of  the 
same  substance  were  segregated  at  the  junction  of  three  grains. 

The  consideration  of  these  observations  leads  to  the  following 
conclusions : — 

That  as  the  carbon  diffused  into  the  mass  in  a  forward  direction, 
the  phosphide  eutectic  fell  out  of  solution  in  the  rear,  and  at  first 
the  liquid  eutectic  so  formed  would  be  thrown  entirely  out  of  the 
metal  and  escape.  As  the  carburisation  progressed,  the  metal  in 
the  rear  would  change  its  allotropic  state  from  beta  to  gamma  iron, 
and  would  recrystallise  into  the  well-known  polygonal  grains.  In 
front  of  these  a  layer  of  fluid  eutectic  would  continually  be 
forming,  but  it  would,  as  rapidly  as  it  was  formed,  flow  back- 
wards along  the  crystalline  junctions  to  the  outside  of  the  metal, 
leaving  a  residuum  behind.  The  grains  at  first  formed  would  in  all 
probability  be  smaller  than  if  they  were  left  in  the  metal  when 
cold,  but  under  the  long-continued  action  of  heat  would  re- 
arrange their  crystalline  orientation  and  fall  together  so  as  to 
form  a  smaller  number  of  larger  grains  or  columns ;  but  in  doing 
so  the  intervening  eutectic  could  not  be  completely  expelled,  and 
would  remain  imprisoned  more  or  less  completely,  and  not  having 
any  free  passage  to  escape,  would  at  once  begin  to  coalesce, 
forming  at  first  oblong  drops,  which  in  course  of  time  would 
contract  to  the  forms  more  or  less  globular,  actually  present  in 
the  cold  specimen. 

If  the  specimen  carburised  had  been  perfectly  globular  and  the 
carburisation  regular  at  all  times  during  the  process,  there  would 
have  been  a  spherical  fluid  area  between  the  centre  and  the 
outside,  dividing  a  globe  of  solid  metal  in  the  middle  from  a  solid 
shell  at  the  exterior,  more  or  less  cut  up  by  fluid  cells  through 
which  the  liquid  eutectic  would  continually  flow,  and  which 
would  eventually  leave  the  mass  of  metal  and  fall  into  the  char- 
coal surrounding  it.  Although  the  specimen  was  not  globular, 
the  fluid  envelopment  must  have  been  developed  and  continual 
liquidation  of  the  eutectic  been  effected. 
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The  following  table  will  make  this  clear : — 


Carbon.  Calculated 

Par©  Iron. 

Phosphide. 

Phosphorus. 

as  Capable  of 
being  Absorbed. 

Per  Cent. 

Percent. 

Per  Cent. 

Per  Cent. 

100 

None 

None 

4-60 

76 

25 

3-89 

3-45 

50 

50 

778 

2-30 

25 

75 

U-67 

115 

None 

100 

15-58 

None 

In  order  to  ascertain  if  the  result  of  actual  experiment  would 
coincide  with  the  calculated  results,  mixtures  of  phosphide  and 
pure  iron  were  made  so  as  to  approximate  to  the  above  propor- 
tions of  phosphorus  and  iron,  and  these  were  melted  side  by 
side  in  a  charcoal  brasqued  crucible  containing  five  separate 
compartments.  The  heat  was  r^ulated  so  as  not  to  exceed  the 
temperature  of  the  blast-furnace,  and  was  certainly  not  high 
enough  to  melt  pure  iron. 

The  analyses  of  the  products  were  as  follows,  viz. : — 


Analysis  of  Mixture. 

Carbon  in 
Melted  Metals. 

Fracture. 

Iron. 

Phosphoros. 

Per  Cent. 
None 

4  10 

7-90 
13-00 
16  W 

Per  Cent, 

100 

96 

93 

87 
83 

Percent. 
4  15 
8-25 
2-00 
0-70 
NiL 

White 
»» 

The  results,  although  deviating  from  what  was  calculated, 
uevertlieless  are  sufficiently  close  to  show  that  the  basis  on 
which  the  calculations  were  made  is  fairly  correct.  It  is  well 
known  that  even  from  the  blast-furnace  the  No.  1  pig  irons  will 
\Tury  very  considerably  in  carbon,  from  causes  not  at  present 
fully  understood.  The  temperature,  however,  ceteris  paribus, 
undoubtedly  has  the  greatest  influence  in  determining  the  diflfer- 
ences, 

A  second  series  of  comparative  trials  were  made  with  phos- 
phoretic  metals  of  known  phosphorus  content  by  carburising  in 
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has  shown  that  1*5  per  cent  of  phosphorus,  at  any  rate,  has  no 
influence  in  preventing  the  separation  of  graphite. 

A  careful  observer  can,  however,  note  a  difference  in  the 
greyness  of  equally  open  highly  phosphoretic  pig  iron  and  one 
practically  free  from  phosphorus ;  but  this  is  not  caused  by  the 
presence  of  combined  carbon,  but  is  due  to  the  fact  that  the  free 
phosphide  present  gives  a  white  fracture,  and  that  the  two  irons 
contain  different  quantities  of  graphite.  The  combined  carbon 
is  about  equal  in  each. 

In  order  to  ascertain  the  effect  of  large  quantities  of  phos- 
phorus in  presence  of  silicon,  mixtures  of  silico-phosphide  of 
iron  and  iron  in  various  proportions  were  melted  in  charcoal- 
lined  partitioned  crucibles.  The  temperature  was  very  intense, 
certainly  higher  than  that  of  the  blast-furnace.  The  results 
were  as  follows  : — 


1. 

a. 

s. 

C 

5. 

Per  Cent. 

Per  Cent 

Per  Cent. 

Per  Cent 

Per  Cent 

Combined  carbon  . 

MO 

0-66 

Oil 

Nil 

Nil 

Qraphite      .     .     . 

2-62 

173 

1-88 

1-69 

0-83 

Silicon    .... 

0-92 

1-96 

1-96 

2*84 

336 

Biaoganeae  .     .     . 

traces 

traces 

traces 

traces 

traces 

Phoflphorut .     .     . 

0-21 

4-96 

6-85 

8-36 

12-86 

It  was  observed  that  the  size  of  the  graphite  plates  mecha- 
nically suspended  in  the  metals  were  largest  in  the  most  phos- 
phoretic metal,  and  less  so  in  those  with  lower  percentages. 

No.  1  metal  had  the  greyest  fracture ;  the  others  were  less  grey, 
the  greyness  decreasing  with  the  increase  of  phosphorus. 

The  analyses  prove  that  this  decrease  was  not  due  to  the  pi%- 
sence  of  combined  carbon,  for  the  least  proportion  of  that  substance 
is  found  in  the  most  phosphoretic  sample ;  it  therefore  must  be 
due  to  the  decreasing  proportion  of  graphite. 

It  is  unfortunate  that  the  silicon  was  not  equal  in  each  case 
for  the  sake  of  strict  comparison ;  but  for  all  that,  the  results  are 
instructive,  considering  that  the  variable  element  silicon  was  not 
in  greater  proportion  in  the  more  phosphoretic  metals  Nos.  4 
and  5  than  is  commonly  present  in  grey  furnace  irons;  and 
that  even  although  not  excessive,  combined  carbon  was  absent, 
and  all  the  carbon  capable  of  being  absorbed  was  in  the  stete  of 
graphite. 
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iron  by  the  absorption  of  carbon  in  the  cementation  furnace,  a 
large  part  of  it  liquates  out  of  the  mass  and  falls  in  the  liquid 
state  into  the  surrounding  charcoaL 

7th.  That  when  saturated  solid  solutions  of  phosphide  in  iron 
are  heated  or  cooled,  they  show  no  thermal  critical  point  at  Ar3, 
and  the  structure  is  not  broken  up  even  when  the  temperature 
exceeds  lOOO'^C. ;  therefore  there  can  be  no  allotropic  change 
from  the  beta  to  the  gamma  modification  by  heating  to  1000''  C. 
When,  however,  carbon  passes  into  the  mass,  a  large  proportion 
of  the  phosphide  is  expelled,  and  the  carbon  absorbed  converts, 
at  the  temperature  of  the  cementation  furnace,  a  dominating 
proportion  of  the  beta  iron  into  gamma  iron,  and  coinciden- 
tally  the  structure  is  entirely  reorganised  and  recrystallisation  is 
efifected.  The  recrystallisation  can  only  proceed  coincidentally 
with  the  penetration  of  the  carbon  from  the  exterior  towards 
the  centre. 

Under  favourable  conditions  the  slowly  developing  crystalline 
grains  develop  longitudinally  into  columns,  which  radiate  to 
the  middle  of  the  bar. 

A  similar  condition  of  crystalline  development  follows  the 
change  of  allotropic  state,  but  in  the  reverse  direction,  when 
carburetted  steel  is  decarburised  in  ore  or  limestone  at  about 
750^  At  that  temperature  in  presence  of  diffused  carbide  the 
carbon  is  in  the  gamma  state,  but  as  the  carbon  is  removed 
beta  iron  is  formed  and  crystallisation  of  the  iron  proceeds  from 
the  exterior  to  the  centre  of  the  mass,  leaving  a  most  perfect 
columnar  structure. 

8th.  The  proportion  of  phosphine,  PH„  gas  given  off  on 
dissolving  phosphoretic  irons  free  from  carbon  is  approximately 
inversely  in  proportion  to  the  amount  of  phosphorus. 

When  1*7  per  cent,  is  present,  only  about  4  per  cent,  of  it 
escapes  as  gas,  whereas  when  there  is  only  from  0-03  to  0*10 
per  cent.,  nearly  70  per  cent,  of  it  passes  off  as  PHg. 

9th.  When  carbon  is  introduced  into  irons  containing  from 
0-03  to  0*10  per  cent  phosphorus,  the  proportion  of  phosphine 
liberated  on  solution  of  the  metal  steadily  decreases  with  each 
increment  of  carbon,  until,  when  the  latter  reaches  about  1*2 
per  cent.,  only  15  per  cent,  of  the  whole  escapes  as  PH,.  This 
behaviour  leads  to  the  conclusion  that  there  are  two  solutions  in 


4       •  '    >       ■  •• 


M  •■• 


■            ■■•     •           # 
•     ■         •            ■■ 
•    t              ■     -         t 



•         «  .  •     ■ 


■  •       •  ■ 


■  -  -         ■•         • 


•  •  •  ■••  •■  • 


116 


IRON  AND  PHOSPHORUS. 


contained  considerably  more  phosphorus  than  the  average  of  the 
pig  iron  from  which  it  liquated.  Since  that  time  many  observers 
have  confirmed  this  result. 

In  1870  I  subjected  to  hydraulic  pressure  in  a  properly  pre- 
pared mould  Cleveland  pig  iron  after  practically  the  whole  of 
it  had  solidified.  The  git  or  runner  was  left  open  when  the 
pressure  was  applied,  with  the  result  that  a  small  quantity  of 
metal  was  squeezed  out.  The  original  metal  and  fusible  portion 
had  the  following  analysis,  viz. : — 


Oarbon 
MangmDese 
Silicon 
Sulphur    . 
Phosphoma 


Original  MetaL 
No.  4  Brand. 


Per  Cent. 
300 
0-85 
1-63 
012 
1-53 


Portion 
Squeezed  Out. 

Per  Cent. 
1-75 
0-29 
079 
0-06 
6*84 


Q^)  Mrl  Osmond  has  described  certain  experiments  of  his 
in  which  he  proved  the  existence  of  a  critical  point  in  the  solidi- 
fication of  phosphoretic  pig  iron  at  about  900°  C.  The  analysis 
and  critical  points  were  as  follows : — 

Phosphoretic  MetaL 

Per  Cent. 

Graphite  carbon 1'50 

Combined  carbon 1*20 

Manganese 074 

Silicon        .        .        .    • 1-89 

Sulphur 0-03 

Phosphorus 1*98 

Critical  Points. 


Cooling 
Heating 


IIL 

II. 

I. 

895 
910 

Ar  1,  2,  3. 

1065 
1050 

1025 
1040 

698 
800 

Cpmparative  analysis  and  critical  points  of  haematite  pig 


iron 
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Previous  to  heating,  the  metal  contained — 

Per  Cent. 

Carbon 8*50 

Silicon 2*60 

Phosphorus 1*90 

The  analysis  of  the  shot,  it  will  be  observed,  closely  resembles 
the  analysis  of  the  metal  which  in  my  own  experiments  I  squeezed 
out  of  Cleveland  pig  iron  by  hydraulic  pressure. 

The  phenomena  observed  by  Mr.  Lencauchez  is  peculiar  to 
metals  containing  small  quantities  of  a  fusible  eutectic,  or  a 
constituent  which  is  more  fusible  than  the  greater  mass,  for  I 
have  found  that  it  is  only  necessary  to  heat  such  alloys  or  com- 
pounds a  little  above  the  melting-point  of  the  eutectic  for  small 
globular  exudations  to  pass  out  of  the  metal,  forming  little  shot- 
like bodies  all  over  the  surface.  It  is  not  difficult  to  understand 
how  this  occurs,  for  as  soon  as  the  temperature  is  raised  slightly 
above  that  of  the  liquefied  eutectic  it  expands,  and  a  portion  of 
it  comes  out  of  the  metal  in  which  it  was  imprisoned.  There  is 
also  always  a  tendency  in  heterogeneous  mixtures  of  metals  for 
that  part  which  is  in  greater  mass  to  throw  off  the  others  in 
contact  with  it ;  hence  small  quantities  of  the  eutectics,  where  it 
is  physically  possible,  are  thrown  into  large  segregated  areas  or 
entirely  outside  the  mass. 

I  have  most  carefully  repeated  Mr.  Osmond's  experiments, 
and  find  that  in  Cleveland  iron,  when  it  is  slowly  cooled  from 
the  molten  state,  there  is  a  critical  point  at  about  900°  C,  thus 
confirming  his  observation.  The  pure  eutectic  of  phosphorus  and 
iron  solidifies  at  about  980*"  C,  so  it  is  clear  the  eutectic  solidi- 
fying at  900**  C.  must  have  a  different  composition. 

On  melting  together  some  of  the  phosphide  of  iron  eutectic 
with  carbide  of  iron,  the  eutectic  formed  solidified  at  910°  C.  A 
similar  result  followed  on  cooling  a  mixture  of  silicious  pig  iron 
with  the  pure  eutectic. 

Leopold  Schneider  succeeded  in  isolating  the  free  phosphide 
of  iron  from  phosphoretic  pig  irons  by  dissolving  them  in 
cupric  chloride,  and  found  it  to  correspond  to  the  composition 
expressed  by  the  chemical  formula  Fe^P. 

In  order  to  isolate  the  eutectic  from  grey  Cleveland  iron  con- 
taining 1*56  per  cent,  phosphorus,  some  lumps  of  it  were  dissolved 
in  dilute  acid.    The  residue,  containing  graphite  and  decomposition 
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plastic  state;  but  this,  as  heat  passes  away,  in  time  begins  to 
solidify,  commencing  at  the  solid  borders  of  the  graphite. 

This  metal  consists  of  all  the  iron,  manganese,  silicon,  and 
phosphorus ;  it  does  not  all  solidify  at  the  same  time. 

The  crystalline  combination  of  the  greater  part  of  the  iron  and 
manganese  and  all  the  silicon  forms  one  part;  the  phosphorus 
and  some  of  the  iron  and  manganese  the  other  part. 

As  the  first  part  crystallises  in  advance,  the  remainder,  con- 
sisting of  the  fusible  eutectic,  is  driven  before  the  metal,  advancing 
in  its  growth  on  all  sides  of  it;  and  finally,  when  they  nearly 
approach  each  other,  the  eutectic  (incapable  of  being  forced 
further  in  any  direction)  is  imprisoned  in  irregular-shaped 
cavities,  where  it  remains  fluid  till  the  temperature  falls  to 
its  freezing-point,  when  it  solidifies,  breaking  up  into  its  two 
constituents. 

It  follows,  therefore,  that  the  irregular-shaped  solid  masses 
of  the  eutectic  must  be  found  between  and  at  a  distance  from 
the  graphite  plates,  and  this  is  actually  where  the  greater  num- 
ber of  them  are  located. 

The  photographs  Nos.  14  and  15  illustrate  the  foregoing  re- 
marks. The  first  represents  the  structure  of  Cargo  Fleet  No.  3 
iron,  the  second  East  Coast  No.  1  haematite.  They  had  the  follow- 
ing composition : — 


Combined  carbon 
Graphite  . 
Manganese 
Silicon 
Sulphur    . 
Phosphorus  *   . 


Phosphorus  in  solid  solution    . 


Phosphoretic. 


Non- 
Phosphoretic. 


Per  Cent 

Per  Cent. 

012 

0-25 

3-59 

3-86 

0-69 

076 

276 

2-83 

005 

0-04 

1-49 

0-04 

0-29 

0-03 

*  Equal  to  phosphide  of  iron,  9*50  per  cent,  0*25  per  cent 

The  irregular  white  areas  in  the  centre  of  the  photographs 
are  the  phosphide  eutectic. 

When  haematite  metal  is  strongly  etched,  so  as  to  darken  the 
ground-mass,  and  is  examined  with  vertical  light,  the  specks  of 
brilliant  phosphide  stand  out  in  bold  relief,  and  appear  like  the 
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The  lump  of  metal  was  about  5  inches  square  and  12 
inches  long.  Whether  or  not  it  was  a  natural  product  is  doubtful, 
but  that  it  had  cooled  exceedingly  slowly  in  passing  from  the 
liquid  state  was  evident,  for  the  carbon  which,  under  less  slow 
cooling,  would  have  existed  as  pearlite,  was  massive  cementite 
enveloping  the  graphite. 

White  phosphoretic  irons  are  not  quite  so  easy  to  judge  as  to 
the  proportion  of  phosphorus  present. 

The  presence  of  large  masses  of  carbide  of  iron  makes  it 
impossible  to  tell  which  part  is  phosphide  and  which  carbide  if 
the  simple  etching  method  is  employed ;  it  is  necessary,  therefore, 
to  use  the  ''  heat-tinting  "  process. 

By  heating  till  the  pearlite  is  blue,  as  a  rule,  the  cementite 
will  be  found  red  and  the  phosphide  yellow.  It  is  then  quite 
easy  to  see  the  proportion  of  each,  and  where  the  eutectic  joins 
the  carbide.  It  has  been  found  better  to  first  etch  with  iodine 
to  darken  the  pearlite,  and  after  wiping  the  specimen  with  a 
clean  linen  rag,  to  heat  till  the  required  tint  is  obtained.  This 
method  leaves  the  pearlite  dark.  If  the  structure  is  to  be  photo- 
graphed, it  is  advisable  to  heat  until  the  carbide  has  assumed  a 
faint  yellow  tinge,  when  the  phosphide  will  remain  quite  white. 

By  using  isochromatic  plates,  the  prints  show  the  phosphides 
white,  the  carbide  in  half-tone,  and  the  pearlite  dark. 

The  photographs  Nos.  16  and  17  represent  areas  of  white 
Clarence  pig  etched  with  iodine,  and  also  heat-tinted  in  the 
manner  described.  It  will  be  noticed  how  the  heat-tinting  in 
No.  17  shows  up  the  phosphide,  which  is  represented  by  the 
white  areas. 

Summary  of  Part  III. 

1st.  There  are  fusible  eutectics  in  all  pig  irons  containing 
phosphorus,  and  which  have  solidifying  points  of  about  900°  C. 

2nd.  The  free  phosphide  of  iron  can  be  left  insoluble  from 
such  irons  by  dissolving  them  in  cupric  chloride  (Schneider's 
method),  or  by  nitric  acid  of  specific  gravity  1*20  in  the  cold. 
By  attracting  the  magnetic  portions  of  phosphide  from  the  residue 
with  a  magnet,  and  further  purifying  what  is  attracted,  almost 
pure  Fe^P  is  obtained. 
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an  exception  to  the  rule,  for  it  was  free  from  carbon,  and,  more- 
over, contained  not  a  trace  of  silicon  and  manganese.  The 
structure  resembled  that  of  the  columnar  iron  already  referred 
to,  with  this  difference,  that  the  columns  were  much  larger 
and  were  greatly  curved.  The  microscope  showed  that  they 
were  enveloped  with  thin  layers  of  phosphide  of  iron,  and  in 
their  centres  there  existed  small  globular  masses  of  the  same 
substance,  together  with  globules  of  sulphide  of  iron. 

The  analyses  of  Ferryhill  pig  iron  and  of  this  curious  formation 
are  as  follows : — 


FerryhiU  Pig  Iron. 

Sample 

from' 

Furnace 

- 



Grey. 

White. 

Hearth. 

Per  Cent. 

Per  Cent. 

Per  Cent. 

Iron       .... 

9110 

92-90 

91-06 

Graphite 

3  36 

Nil. 

Oombioed  carbon 

0  16 

3*20 

Nil. 

Manganege    . 

0-66 

0-25 

NiL 

Silicon  . 

2-53 

110 

Sulphur 

0-06 

0-30 

6-32 

Phoaphorus  . 

201 

210 

1-98 

Oxygen,  &c.  . 

012 

015 

0-64 

100-00 

100-00 

100-00 

By  crushing  the  sample  to  fine  powder  and  removing  the  fine 
particles  by  sieving,  the  greater  part  of  the  brittle  and  easily 
crushed  and  free  phosphides  were  removed.  On  treating  the  fine 
powder  so  removed  with  sulphuric  acid,  the  sulphides  were  dis- 
solved, together  with  that  part  of  the  iron  which  passed  the  sieve. 
The  insoluble  residue,  consisting  of  a  black  powder  and  bright 
metallic  particles,  was  separated  into  two  parts  by  a  magnet,  the 
bright  particles  being  attracted,  the  black  powder  remaining 
behind.     The  metallic  powder  had  the  following  composition : — 

Per  Cent. 

Iron 84-00 

Phosphorus 15*41 

Not  determined 0-69 


100-00 


It  is  practically  pure  phosphide  of  iron,  Fe^P,  proving  the 
correctness  of  the  microscopic  observation. 
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the  amount  which  actually  did  diffuse  into  the  iron  was  short  of 
that  quantity  by  about  0*30  per  cent. 

The  peculiar  columnar  structure  of  the  metal  was  no  doubt 
produced  when  the  gamma  iron,  dominated  by  the  carbon,  changed 
to  beta  iron,  when  the  carbon  was  replaced  by  phosphide  of  iron. 

I  am  conscious,  on  comparing  the  results  here  recorded  with 
those  obtained  by  decarburising  phosphorus  iron  in  the  malleable 
castings  furnace  previously  given,  that  I  am  at  a  loss  to  under- 
stand why  there  is  such  a  wide  discrepancy  in  the  proportion  of 
phosphorus  left  in  solid  solution  in  the  two  cases.  I  am,  how- 
ever, certain  of  the  facts,  and  it  remains  to  find  a  satisfactory 
explanation.  The  conditions,  which  of  course  must  have  been 
widely  diflferent,  possibly  may  account  for  the  anomalous  results. 

Many  experiments  have  been  made  in  my  laboratory  to  ascer- 
tain how  phosphide  of  iron  penetrates  into  steel  when  the  former 
is  maintained  in  the  liquid  state.  One  result  yielded  most 
interesting  results. 

Some  fluid  eutectic  in  a  crucible  was  maintained  in  the 
liquid  state  at  1000^,  near  its  solidifying  point,  in  contact  with  a 
half-inch  soft  steel  bar  containing  0*12  per  cent,  carbon.  The 
bar  was  placed  vertically  through  the  middle  of  the  fluid 
eutectic.  After  keeping  them  in  contact  for  about  an  hour, 
the  crucible  with  contents  was  allowed  to  cool  down.  The 
compound  mass  was  then  sectioned  for  micro-examination. 
The  bar  was  found  partially  dissolved  in  the  eutectic,  and 
was  reduced  in  diameter  in  consequence  to  about  J-inch.  On 
polishing  and  heat-tinting,  and  then  etching  by  iodine,  the 
following  interesting  observations  were  made,  viz. : — 

The  bar  was  surrounded  by  a  bright  hard  ring,  apparently 
free  from  carbon,  which  was  traversed  by  solidified  "  rivers  "  of 
FCgP,  which  appeared  as  if  they  had  been  flowing  from  the 
eutectic  through  the  hard  ring  into  or  near  to  the  iron  core. 
This  ring  consisted  of  a  solidified  solution  of  phosphide  of  iron 
in  iron.  The  temperature  was  never  nearly  high  enough  to  melt 
this  hard  envelope.  Between  this  hard  bright  ring  and  the  bar 
there  was  a  transition  ring  or  envelope  not  so  hard  as  the  first, 
but  slightly  harder  than  the  bar  itself.  This  envelope  was  very 
thin  ;  it  did  not  apparently  contain  any  carbon,  and  most  probably 
was  only  partially  saturated  with  the  phosphide.    At  certain  points 
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but  before  correct  generalisations  can  be  arrived  at  more  workers 
at  the  research  are  required  and  more  of  nature's  revelations 
obtained. 

In  conclusion,  I  must  acknowledge  the  assistance  and  co- 
operation of  Sir  William  Roberts- Austen,  Professor  Bauer  man. 
Professor  Arnold,  Mr.  MacWilliam,  Mr.  F.  W.  Harbord,  Mr.  A. 
Richards,  Mr.  J.  L.  Potts  and  Mr.  Duckinfield  of  Messrs.  J.  H. 
Andrew  &  Co.,  Ltd.  of  Sheffield,  Mr.  A.  Cooper,  Mr.  C.  H. 
Ridsdale,  Mr.  T.  W.  Sorby,  Mr.  E.  H.  Saniter,  Mr.  David  Evans, 
Mr.  Horard  Livens  of  Messrs.  Ruston,  Proctor,  &  Co.,  and  my 
own  assistants. 

Without  the  assistance  of  these  gentlemen  I  could  have  done 
little  work. 

APPENDIX    L 

EuTEcncs. 

As  the  words  "  eutectic  "  and  "  eutectic  alloy  "  are  now  very 
generally  used,  it  is  important  it  should  be  clearly  understood 
what  is  meant  by  the  terms. 

It  was  Guthrie  who  first  applied  it  to  the  study  of  alloys. 

Sir  William  Roberts- Austen  has  kindly  given  me  his  views 
on  eutectics  as  follows : — 

As  regards  the  definition  of  a  eutectic,  reference  to  Guthrie's 
original  paper,  Phil.  Mag,,  June  1884,  shows  that  he  intended 
the  word  "  eutectic  "  to  refer  to  a  solidified  "  mother  liquor,"  that 
is  to  a  mixture  which  has  a  lower  freezing-point  than  any  other 
of  the  series.  The  simplest  case  is  a  mixture  of  the  two  dis- 
solved bodies  A  and  B,  the  proportion  of  each  that  is  present 
depending  on  their  relative  solubilities  in  each  other. 

Pure  A.  B.  Pure 


Mechanical  mixture  of  A  aiid  B. 
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together  in  simple  multiples  of  their  atomic  weights,  but  in  most 
such  cases,  one  of  the  metals  will  separate  out  first  and  so  destroy 
the  ratio."  ..."  When  we  are  dealing  with  metals  which,  like 
antimony  or  arsenic,  are  themselves  halogenous,  or  with  such 
strongly  chemico-positive  metals  as  sodium  on  the  other,  we  may 
and  do  get  alloys  of  atomic  composition  or  metallo-metallic  salts. 
But  the  temperature  of  fusion  of  these  are  never,  so  far  as  I  am 
aware,  lower  than  that  of  either  (both)  of  the  constituents :  they 
are  not  eutectic." 

This  last  sentence  makes  it  clear  that  one  property  of  a 
eutectic,  according  to  Guthrie,  is  that  its  melting-point  must  be 
lower  than  that  of  the  mean  of  the  separate  constituents.  All 
of  the  instances  quoted  in  his  paper  illustrate  this  second 
principle. 

Becognising  that  certain  metals  may  combine  to  form  metallo- 
metallic  salts,  Guthrie,  by  inductive  reasoning,  concluded  that 
in  an  alloy  such  salts  might  be  formed,  and  that  they  would  take 
the  part  of  a  free  metal  and  form  eutectic  alloys  with  one  or 
other  of  the  constituents.  He  says,  "  The  very  bodies  resulting 
from  the  chemical  union  of  the  two  metals  will  possibly  and 
probably  furnish  starting-points  of  new  series  of  eutectic  alloys, 
consisting  of  a  single  metal  on  the  one  hand  and  the  chemical 
alloy  on  the  other." 

Professor  Guthrie  prepared  any  given  eutectic  by  melting  the 
metals  and  then  allowing  that  metal  which  happened  to  be  in 
excess  to  crystallise  or  fall  out  of  solution,  and  when  the  greater 
part  had  become  solid,  the  residual  alloy  which  still  remained 
fluid  as  a  kind  of  **  mother  liquor  "  was  poured  off  and  allowed  to 
set.  This  crude  eutectic  was  remelted  and  allowed  to  partially 
solidify,  and  the  mother  liquor  again  poured  off.  The  same 
treatment  was  repeatedly  applied  until  the  mother  liquor  in- 
variably yielded  the  same  constant  composition.  This  alloy 
when  solid,  but  for  the  contradiction  in  terms,  might  have  been 
called  a  solidified  mother  liquor.  Guthrie  applied  the  term 
eutectic. 

A  eutectic,  then,  must  have  the  following  properties  and 
components : — 

1st.  A  solidifying  and  melting  point  lower  than  that  of  the 
mean  of  the  constituents. 
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maintained  on  the  ends  of  the  plungers.  The  cylinder  is  then 
slowly  heated,  the  temperature  at  any  moment  being  measured 
by  a  thermo-couple,  which  is  placed  in  a  hole  drilled  in  the 
cylinder.  At  a  certain  definite  temperature  part  of  the  alloy 
will  liquefy,  and  can  be  squeezed  out  between  the  plungers  and 
the  wall  of  the  cylinder.  The  temperature  is  noted  at  which 
the  alloy  is  sufficiently  liquid  to  be  extruded.  The  heat  is  then 
raised,  and  a  further  portion  of  the  alloy  can  sometimes  be 
separated.  Finally,  a  comparatively  infusible  residue  is  left. 
These  several  portions  are  then  analysed.  In  some  cases  it  is 
found  to  be  desirable  to  subject  the  extruded  portions  to  a 
second  treatment  in  the  compressing  cylinder." 

It  was  the  hydraulic  method  I  used  in  expressing  the  liquid 
eutectic  from  Cleveland  iron,  and  it  is  the  best  in  cases  where  a 
small  quantity  of  the  eutectic  is  in  presence  of  a  large  mass  of 
metal. 

A  third  method  useful  in  such  cases  where  the  fusing-point 
of  the  alloy  is  under  500""  C,  and  where  only  small  quantities 
are  available,  has  been  employed  with  great  advantage  in  tuy 
laboratory  in  preparing  the  eutectics  of  the  fusible  metals. 

The  melted  alloy  is  poured  upon  the  surface  of  a  sheet  of 
flexible  asbestos  paper.  When  the  mass  has  solidified  to  the 
consistency  of  a  thick  paste,  a  second  sheet  of  asbestos  is  placed 
on  the  top  of  the  metal,  and  a  wooden  ruler  is  rolled  over  the 
plastic  mass  from  the  front  in  a  forward  direction.  The  eutectic 
is  in  this  way  squeezed  out  and  runs  as  a  fluid  drop  in  front  of 
the  ruler  leaving  the  solid  metals  behind.  The  crude  eutectic 
so  obtained  is  remelted  and  is  again  subjected  to  the  same 
treatment.  It  is  possible  in  this  way  to  obtain  the  eutectic 
from  10  grammes  of  alloy. 

The  last  method  is  that  which  I  have  used  most  extensively 
in  the  preparation  of  the  eutectics  containing  two  metals.  It 
may  be  called  the  microscopic  method.  It  is  based  upon  the 
characteristic  micro  appearance  of  nearly  all  the  eutectics,  and 
on  the  statement  of  Guthrie,  now  generally  recognised,  that  if 
one  of  the  constituent  metals  is  present  in  excess  it  will  first 
solidify,  leaving  the  residual  eutectic  to  solidify  at  a  lower 
temperature.  The  metal  which  falls  out  of  the  mother  liquor  is 
clearly  seen  in  the  micro  section  when  it  is  properly  polished 
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APPENDIX    II. 

SouD  Solution. 

The  term  solid  solution  has  been  applied  to  such  cases,  when 
two  or  more  metals,  in  solidifying  from  the  molten  state,  one  or 
more  of  the  metals  is  retained  in  the  others,  but  in  such  a  form 
that  the  highest  power  of  the  microscope  is  unable  to  detect  it 
or  them.  They  crystallise  in  a  form  identical  with  or  very  closely 
approximating  to  that  constituent  which  preponderates.  In  a 
true  liquid  solution  of  salt  in  water,  no  microscope  can  detect 
any  of  the  constituents ;  it  appears  to  be  homogeneous.  Solid 
solutions  of  one  metal  in  another  are  similar  in  that  respect. 

Sir  William  Roberts- Austen  has  kindly  given  me  his  definition 
of  solid  solution,  which  is  as  follows : — 

^'A  solid  solution  is  a  homogeneous  mixture  of  two  or  more 
substances  in  the  solid  state.  In  metals,  no  one  has  as  yet 
worked  at  non-crystalline  mixtures,  and  solid  solutions  of  metals 
when  crystalline  are  solid  'isomorphous  mixtures/  or  'mixed 
crystals.* " 

This  definition  is  a  most  concise  one,  and  certainly  appears  to 
cover  every  kind  of  solid  solution. 

There  are,  however,  several  kinds  of  solid  solution : — 

1st.  In  which  one  metal,  from  an  alloy  in  crystallising,  retains 
a  portion  of  the  other  homogeneously  difiused  throughout  its  whole 
crystalline  mass. 

2nd.  In  which  during  crystallisation  the  central  portion  of 
the  crystals  contains  less  of  the  dissolved  metal  than  their 
external  boundaries. 

3rd.  In  which  the  metals  form  a  definite  chemical  compound, 
which  is  retained  in  solid  solution  in  the  excess  of  the  metal  or 
metals. 

4th.  In  which  the  non-metallic  elements  form  definite  chemical 
compounds  with  a  portion  of  the  dissolving  metal  and  that  these 
remain  in  solid  solution. 

The  terms  '*  isomorphous  "  and  "  mixed,"  as  applied  to  crystals, 
have  been  and  still  are  used  synonymously  and  are  synonymous 
with    the   term   solid  solution  in  metals.     The  term  ^  mixed 
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table  until  no  more  gas  is  seen  to  arise  from  the  residue  at  the 
bottom.  This  does  not  take  more  than  two  minutes.  The  in- 
soluble matter  is  then  filtered  off  through  filter  paper,  the  residue 
rinsed  on  to  the  filter  with  cold  distilled  water,  and  the  filter  with 
contents  is  washed  with  cold  water.  The  whole  of  the  phosphorus 
existing  in  solid  solution  is  by  this  treatment  obtained  in  the 
filtrate,  together  with  a  small  proportion  of  that  existing  as  free 
phosphide  of  iron,  whilst  from  90  per  cent,  to  97  per  cent,  of  the 
free  phosphide  of  iron  is  left  insoluble  upon  the  filter.  The 
filtrate  is  evaporated  down  to  a  small  bulk  or  to  dryness  if  silica 
is  present,  and  the  phosphorus  determined  in  the  usual  way. 
The  filter  containing  the  insoluble  phosphide  is  burned  off  in  a 
platinum  crucible,  dissolved  in  nitro-hydrochloric  acid,  and  the 
phosphorus  determined  in  the  solution  so  obtained. 

On  making  practical  trials  to  ascertain  what  effect  1*20  nitric 
acid  has  upon  pure  phosphide  of  iron,  it  was  found  that  the 
proportion  dissolved  depends  upon  the  fineness  of  the  particles 
of  phosphide,  and  the  length  of  time  the  acid  acted  upon  it,  and 
the  temperature  of  the  acid.  But  on  treating  even  the  finest 
powder  in  the  manner  described  above,  not  more  than  10  per 
cent,  was  dissolved.  Whether  the  quantity  of  phosphide  (of  any 
given  fineness)  acted  upon  is  great  or  small,  provided  there  is 
always  an  excess  of  acid  at  the  proper  temperature,  the  pro- 
portion dissolved  is  constant.  The  following  instances  indicate 
this: — 

O'l  and  0*4  grammes  of  phosphide  were  treated  side  by  side 
under  the  conditions  above  named  with  25  c.c.  of  1*20  nitric  acid 
at  20**  C.  In  each  case  the  result  was  the  same,  0*095  was  left 
insoluble  in  the  one  case  and  0*385  in  the  other,  or  95  per  cent 
of  the  whole  in  each  case.  The  influence  of  long-continued 
action  is  very  pronounced,  for  1  gramme  of  finely  powdered 
phosphide  left  in  contact  with  1*20  nitric  acid  for  twelve  hours 
lost  20  per  cent,  of  its  weight,  but  the  residue  was  brightly 
metallic,  and  it  was  absolutely  free  from  any  decomposition 
products.  An  excessive  quantity  of  acid,  if  employed,  makes  no 
difference  provided  the  temperature  and  time  elements  remain 
constant. 

In  calculating  the  results  of  any  analyses,  allowance  must  be 
made  for  the  solubility  of  the  phosphide,  and  in  the  analyses 
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By  heating  polished  sections  of  raw  irons  till  they  assume 
certain  oxidation  tints,  their  various  constituents  are  differ- 
ently coloured.  The  colouring  depends  on  the  formation  of 
oxidation  films,  which  form  at  different  rates  on  the  different 
constituents. 

Professors  Martens  and  Behrens  were  the  first  to  use  this 
method,  and  Osmond  and  others  have  employed  it  in  the  develop- 
ment of  the  constitutional  structure  of  many  alloys.  It  does 
not  usually  give  any  indication  of  the  granular  and  crystalline 
structure,  and  stands  before  all  other  methods  as  a  means  of 
detecting  the  separate  and  individual  constituents.  It  may 
therefore  be  called  the  constitutional  method.  It  has  the  great 
advantage  of  not  removing  any  of  the  metal,  so  that  when  the 
oxidation  colouring  has  been  effected,  the  original  flat  surface 
still  remains.  The  specimens,  moreover,  are  much  less  liable  to 
rust  than  when  chemical  reagents  are  employed.  The  relative 
rates  at  which  cementite,  sulphide  of  manganese,  phosphide  of 
iron,  pure  iron,  and  pearlite — containing  0'6  per  cent  phos- 
phorus— assume  various  colours  when  heated,  were  carefully 
determined  in  the  following  manner: — 

A  slowly  cooled  sample  containing  all  the  above-mentioned 
constituents,  excepting  pure  iron,  had  a  fine  hole  drilled  in  it, 
and  a  piece  of  pure  iron  was  inserted  into  this;  the  iron  was 
then  compressed  so  as  to  expand  and  perfectly  fill  the  hole. 
After  polishing  it  was  bedded  on  sand  in  a  porcelain  capsule. 
The  capsule  was  dropped  into  the  circular  opening  on  the  stage 
of  a  Becks  star  microscope.  A  small  spirit-lamp  placed  under 
the  stage  capsule  wsis  used  to  slowly  heat  the  section.  The 
changes  of  colour  were  carefully  noted,  with  the  following 
results,  viz. : — 
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No.  3.— Table  of  Heat  Tints, 
At  oonitanfc  temperatare  of  280**  G. 


Pearlite. 
0-6%  P.  076%  0. 

IroD. 

Carbide  of  Iron. 

Phosphide  of  Iron. 

1  min.     . 

Brown 

Yellow 

Brownish  yellow 

White 

2    „        . 

Parple 

Bed  brown 

Do. 

Do. 

3    „        . 

Deep  parple 
Blue 

Brown 

Do. 

Do. 

4    „        . 

Parple  red 

Do. 

Very  pale  yellow 

6    ..        . 

Do. 

Purple 

Orange  brown 

Pale  yellow 

11    „        . 

Do. 

Blue 

Red  brown 

Pale  nalmon 

15    „        . 

Pale  blae 

Do. 

Burnt  tienna  red 

Do. 

80    „        . 

Paler  blae 

Paler  blue 

Purple  brown 

Heliotrope 

No.  i.^Table  of  Heat  Tints. 

At  constant  temperature  of  320*  C. 


Pearlite. 

Iron. 

Oarbide  of  Iron. 

Phosphide  of  Iron. 

1  min.     . 

Purple  red 

Red 

Yellow  brown 

Very  pale  yellow 

2    „        . 

Deep  blue 

Purple  red 

Red  brown 

Pale  yellow 

3    ,.        . 

Do. 

Do. 

Do. 

4    ..        . 

Do. 

Do. 

Do. 

Do. 

5    „        . 

Do. 

Deep  blue 

Do. 

Pale  salmon 

6    .,        . 

Paler  blue 

Lighter  blue 

Purple  red 

Salmon 

7  „        . 

8  M         . 

Pale  sea-green 
Do. 

Very  pale  blue 

Purple 
Do. 

Do. 

9    „        . 

Pale  yellow 

Do. 

Do. 

Purple 

10    „ 

Do. 

Do. 

Do. 

Heliotrope 

In  high  carbon  steels  and  white  irons  the  free  phosphide  is 
always  accompanied  by  cementite  or  carbide  of  iron,  and  it  is 
easy  to  distinguish  them  by  heating  to  280''  C.  for  ten  to  fifteen 
minutes.  After  such  treatment  the  cementite  will  be  red 
brown  after  each  heating,  whilst  the  phosphide  will  be  pale 
yellow  after  ten  minutes'  heating,  and  salmon  colour  after  fifteen 
minutes.  On  continuing  the  heating,  the  blue  at  first  assumed 
by  the  phosphide  of  iron  is  quite  different  from  that  of  any 
of  the  other  constituents.  It  may  be  described  as  heliotrope 
in  tint 

When  no  cementite  is  present,  it  is  advisable  to  heat  at 
280''  C.  along  with  specimen  chips  of  phosphide  and  white 
Swedish  pig  iron  and  pure  iron,  and  watch  the  tints  on  these 
three  indicators.  As  soon  as  the  white  iron  has  assumed  a 
brown  colour,  the  phosphide  a  pale  yellow  or  salmon  tint,  and 
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once  re-heated  to  the  proper  temperature,  and  as  soon  as  the 
tints  have  developed  it  is  placed  at  once  on  a  bath  of  mercury 
to  cool  it  rapidly  and  avoid  further  change. 

Specul  Electtrical  Apparatus  for  "Heat  Tinting." 

By  arrangements  such  as  have  already  been  described,  the 
tinting  can  be  done  under  the  microscope  by  the  flame  of  a 
spirit-lamp,  but  the  stage  becomes  highly  heated,  which  is  very 
objectionable.  I  have,  therefore,  devised  a  simple  electric 
heater,  which  can  be  placed  on  the  microscope  stage,  and  the 
progress  of  the  tinting  observed.  The  following  description, 
with  the  assistance  of  Plate  I.,  will  make  the  construction  of 
the  apparatus  intelligible. 

The  bed  is  of  ebonite,  and  on  this  two  strips  of  brass  are 
screwed,  one  on  each  side  of  the  upper  surface.  To  these  are 
attached  the  binding  screws  AA. 

The  carrier  consists  of  a  small  1-inch  porcelain  capsule,  on 
two  opposite  sides  of  which  a  closely  fitting  sheath  of  brass  is 
secured.  These,  when  it  is  placed  in  position,  form  the  con- 
tacts with  the  two  conducting  brass  strips  on  the  bed. 

The  bottom  of  this  capsule  is  filled  with  magnesia  made  plastic 
with  a  solution  of  chloride  of  magnesium.  A  platinum  spiral 
is  bedded  upon  this,  and  the  terminals  connected  to  the  brass 
sheaths.  Over  the  wire  is  painted  a  thin  layer  of  silica  paint, 
made  by  mixing  silicate  of  soda  and  silica  to  the  consistency  of 
a  thin  paste,  after  which  the  apparatus  is  ready  for  use. 

The  porous  magnesia  under  the  wire  is  a  good  non-conductor, 
and  practically  no  heat  passes  to  the  microscope  stage. 

The  capsule  is  quite  loose,  and  can  be  removed  from  its  bed 
or  swivelled  to  any  angle,  so  that  a  specimen  placed  upon  it 
can  always  be  made  to  have  its  polished  surface  parallel  with 
the  stage. 

The  current  can  be  switched  ofT  as  soon  as  the  proper  tint- 
ing is  obtained. 

This  simple  apparatus  will  no  doubt  be  found  to  be  very 
useful  where  there  is  a  supply  of  electricity. 
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15.  Osmond.— '*  Etudes  Metalluigiques.''    Afmales  des  Mines^  July  to 

August  1888. 

16.  LsNCAUCHKS. — Afrmoires  de  la  Societe  des  Ingenieun  CivOs,  May 

1887. 

17.  Stbad.— "Crystalline  Structure   of  Iron   and  Steel."    Jowmal  of 

the  Iron  ami  Steel  InstiiuUy  May  189a 

I  a  SwAD.— "Note   on  the  Structure  of  ^osphoretic  Pig  Metals." 
Journal  of  the  Oerytand  Inttitnte  of  Engineers,  Febraaiy  1900. 

19.  UowB.— "Metallurgy  of  Steel,"  New  York,  1891.     This  work  con- 

taius  the  mos^t  complete  account  of  the  effect  of  phosphorus  on 
the  physical  pfv>(ieriies  of  steeL 

20.  Bacsrman. — *•  Systematic  Mineralogy,"  London,  1881,  p.  336. 

21.  Hooa — ••  On  Segregation  in  Steel,"  p.  238,      Journal  of  the  Society 

tf  CkrfHi'ol  Im^imitry,  Mar>ch  16l?3, 

22.  Sir  \V.  RoBSRis-Arsrsx. — *"  Fourth  Beport  to  the  Alloys  Research 

t\>mnuu««v*     Prv^y^im^  ^f  im  Imtcitvh<m  qf  Mechanieal  Engi- 
mtvt^  1897^  p.  5L 
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respect  to  the  diagram  under  the  head  of  phosphorus  and 
iron,  he  had  followed  with  great  interest  Mr.  Stead's  graphic 
description,  and  was  sorry  that  he  stopped  so  soon.  He  had 
wished  to  hear  from  Mr.  Stead  what  relation  there  was  between 
the  crystak  of  Fe^P  and  FCgP  when  they  occurred  together. 
Thus,  for  example,  the  solid  solution  of  iron  passed  into  Fe^P 
through  the  intervention  of  a  eutectic.  Was  there  anything  of 
the  same  kind  between  the  compounds  Fe^V  and  Fe^P  ?  Some 
indication  of  this  should  appear  in  the  curve  of  fusibility  of  the 
metals.  He  should  like  to  know  whether  Mr.  Stead  obtained 
this  curve  in  the  usual  method  by  taking  cooling  curves,  as  had 
so  often  been  done  in  the  case  of  carburised  iron.  He  had  only 
to  add  how  much  they  were  all  obliged  to  Mr.  Stead  for  his 
extremely  patient  explanation  of  the  very  difficult  subjects  he 
had  been  considering,  and  his  own  admiration  for  Mr.  Stead's 
most  beautiful  photographs. 

Mr.  Albert  Ladd  Colby  (South  Bethlehem,  Pennsylvania) 
wished  to  say  a  word  with  reference  to  Mr.  Stead's  suggestion 
that  a  committee  of  practical  men  from  steelworks  be  formed 
to  study  the  practical  side  of  the  question,  and,  if  possible,  to 
make  practical  deductions  from  this  theoretical  studj  of  the  effect 
of  phosphorus  on  iron  and  steel.  He  thought  the  suggestion  an 
excellent  one,  and  hoped  that  when  the  Committee  was  formed, 
that  American  steelworks  would  be  represented,  for  they  would 
be  very  glad  to  aid  in  such  an  important  investigation. 

Mr.  Edward  Bilet  (London)  said  that  in  years  gone  by  there 
was  a  very  common  iron  in  South  Wales  which  had  pea-like 
exudations  from  the  high  phosphorus  pig  iron  liquating  out 

Sir  Thomas  Wrightson,  Bart.,  M.P.,  asked,  as  to  the  welding 
of  the  phosphide,  whether  there  was  any  pressure  brought  to  bear 
upon  the  materials,  and  whether  any  tests  were  made  to  see  that 
the  junction  had  been  absolute  ? 

Mr.  Stead  in  reply  said,  with  regard  to  the  question  of 
Dr.  Stansfield  about  idiomorphic  crystals  of  FCgP,  he  thought 
he    had  stated   that  they   were   not  eutectic^  but  actual   solid 
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The  nature  of  the  experiments  was  as  follows,  viz. : — Several 
pieces  of  sheet  iron  were  piled  one  on  the  top  of  the  other,  but 
between  each  piece  a  little  phosphide  eutectic  in  powder  was 
laid.  The  pile  was  then  heated  in  a  crucible  to  about  1000* 
for  ten  minutes,  and  was  allowed  to  cool.  On  examination,  the 
pieces  were  found  to  be  perfectly  welded  together.  The  phos- 
phide eutectic  had  become  liquid,  and  had  united  with  the 
surface  of  the  iron,  and  the  excess  of  the  fluid  portion  had  run 
out  at  the  sides,  leaving  perfect  junctions  of  solid  solution  of 
phosphide  in  iron.  On  polishing  the  sections,  the  joints  were 
found  to  be  relatively  harder  than  the  unaltered  metal,  and  on 
heat-tinting  coloured  in  advance  of  the  pure  iron.  When  the 
iron  had  assumed  a  yellow  tint  the  junctions  were  a  beautiful 
blue  colour. 


CORRESPONDENCE. 

Mr.  E.  H.  Saniter  sent  the  following  contribution : — 
I  have  read  Mr.  Stead's  able  and  exhaustive  paper  with  great 
interest,  and  must  thank  him  for  supplying  us  with  so  many 
new  facts  and  such  beautiful  photo-micrographs,  and  particularly 
for  the  new  and  gorgeous  application  of  the  heat-tinting  process, 
which  has  been  so  useful  in  making  his  research  complete.  Any 
one  who  has  seen  one  of  his  heat-tinted  objects  under  the  micro- 
scope will  not  soon  forget  it 

In  his  remarks  on  "  crystalline  form,"  Mr.  Ste^d  states  that  he 
heated  a  metal  containing  1*15  per  cent,  of  phosphorus,  and  argues 
that,  as  the  cleavages  were  the  same  before  as  after  heating,  no 
allotropic  change  had  taken  place.  This  may  be  true,  but  the 
reasoning  does  not  appear  conclusive,  as  the  metal  would  naturally 
revert  to  its  former  state  on  cooling.  The  photo-micrograph 
marked  A.  may  throw  some  light  on  this  point.  This  is  taken 
from  the  face  of  a  cube  of  iron  containing  0*85  per  cent,  of  phos- 
phorus and  no  carbon,  etched  in  calcium  chloride  at  a  bright  red 
beat  The  sides  of  the  cube  were  parallel  with  the  sides  of 
the  photograph.  The  peculiar  structure  here  developed,  showing 
markings  of  plates  at  various  angles  and  not  parallel  to  the 
sides  of  the  cube,  would  seem  to  indicate  a  change  of  structure 
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I  am  inclised  to  agree  with  Mr.  Stead  that  too  rapid  cooling 
and  want  of  mass  has  prevented  his  results  on  page  87  arriving 
at  a  state  of  equilibrium. 

Further,  a  possible  error  of  3  per  cent,  in  estimating  the  free 
FejP,  or  variation  in  the  sample,  quite  alters  Mr.  Stead's  calcu- 
lation in  Part  II.  For  instance,  if  we  take  the  phosphorus  as 
free  Fcj?  to  have  been  1'45  instead  of  1*40,  we  get  the  following 
figures : — 

Carbon     Pbotphorui 
Per  Gent.      per  Gent     per  Cent. 
Carbide  of  iron,  masuTe  .    48*4      =      8*28 

PcarUte  containing  {'^P^J^^^^;}     42-0      =      OH?  0-26 

Phoephide  of  iron  (free) .        .        .        .9*3  ...  1*45 

997  3-50  171 

showing  that  a  very  small  analytical  error  would  make  Mr.  Stead's 
figures  agree  with  mine ;  but  I  do  not  argue  from  this  that  either 
Mr.  Stead's  or  my  calculation  are  valuable,  but  that  under  the 
circumstances  they  are  not  convincing. 

Let  me  now  apply  a  similar  calculation  to  No.  3  sample,  con- 
taining 0*18  per  cent  of  carbon : — 

Carbon     Phoepbomi 
Per  Cent,      per  Cent,     per  Cent. 

Pearlite  conUining  |  ^  P^  ^^  ^'  |     240      =      018  016 

Pboaphide  of  iron  (free) ....      3*8      =        ...  0*69 

Solution  of  phosphide  in  iron  containing 
1*75  per  oent.  of  phosphoms  72*2  ...  1*26 

lOOD  018  2-01 

1-77 

Showing  a  deficiency  of    .        .    0*24  per  cent. 

Here  i^in  the  calculation  disagrees  with  the  actual  results.  It 
is  difficult  to  understand  why  so  large  a  quantity  of  phosphide 
as  is  represented  by  0*59  per  cent  of  phosphorus  should  have  been 
thrown  out  of  solution  by  (MS  per  cent  of  carbon,  as  the  rapid 
cooling  is  not  likely  to  assist  in  this.  It  would  appear  that 
a  very  small  amount  of  carbon  disturbs  the  solid  solution  point 
of  1  '75  per  oent  of  phosphorus. 

The  further  fusing  experiments  and  the  cementation  experi* 
ments  are  exceedingly  interesting,  and  confirm  the  variations  of 
the  amount  of  free  phosphide  caused  by  varying  carbon  and 
phosphorus  contents  under  vaiyii^   conditions,   and  it  is  this 
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The  acceptance  of  the  above  idea^  or  even  only  that  there  may 
be  some  change  of  state  ready  to  take  place  in  the  metal,  may 
lead  to  the  explanation  of  why  a  metal  bar  or  shaft,  after  work- 
ing or  running  safely  for  years,  should  suddenly  break  under 
exactly  normal  conditions,  and  without  any  extra  strain  being 
put  upon  it.  The  constant  vibration  or  oscillation  may  tend  to 
assist  such  change,  so  that  in  the  course  of  time  the  internal 
pressure,  assisted  perhaps  by  temperature  fluctuations,  may  pro- 
duce a  flaw,  or,  given  a  flaw,  may  help  to  finish  the  fracture. 
In  this  direction  the  test  for  segregation  mentioned  in  this  paper 
should  be  one  of  great  practical  importance. 

I  should  like  to  inquire  if  the  heat-tints  given  for  the  pearlite 
containing  0*6  per  cent.  P  and  0*75  per  cent.  C  would  be  the 
same  with  a  pearlite  containing  no  phosphorus  ?  If  they  are  not, 
then  the  present  material  is  a  body  difierent  to  pearlite,  and  its 
name  should  be  altered  or  qualified.  Under  any  circumstances, 
I  think  some  indication  of  its  containing  phosphorus  should  be 
given.  Taking  pearlite  as  (21  Fe  +  FCjC),  the  figure  075  per 
cent  C  would  produce  about  85  per  cent,  of  it,  leaving  15  per 
cent,  of  a  substance  containing  about  4  per  cent,  of  phosphorus, 
or  say  25  per  cent.  Fe^P,  which,  according  to  the  author,  should 
also  show  a  pearly  structure.  It  is  hardly  sufficient,  however,  at 
the  present  time  that  a  definite  name  like  pearlite  be  given  to  a 
number  of  substances  because  they  are  pearly  in  appearance. 
I  suggest  that  the  present  pearlite  should  be  called  phospho- 
pearlite,  to  distinguish  it  from  what  is  now  understood  to  be 
pearlite,  or  phospho-carbo-pearlite,  in  anticipation  of  the  possible 
increase  in  the  members  of  the  pearly  family.  Is  there  not 
room  for  more  exactness  in  metallurgical  nomenclature  ?  I  do 
not  mean  in  foundries  and  works,  where  it  is  hopeless,  but  in  the 
scientific  development  of  the  subject.  It  is  becoming  more  and 
more  involved  every  year,  and  it  cannot  be  made  too  precise  and 
consistent  in  consideration  of  its  future  study.  For  this  reason 
I  think  the  appendices  to  the  paper  considerably  enhance  its 
value. 

Mr.  Stead  forwarded  the  following  reply  to  the  correspondence 
on  his  paper : — 

In  answer  to   Mr.   Saniter's  remark  with  reference    to    the 
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lead  to  a  modification  of  the  conclusions.     The  point  raised  is 
useful,  as  showing  the  necessity  of  further  proofs. 

It  is  pointed  out  by  Mr.  Saniter  that  a  unit  of  carbon  throws 
out  a  greater  proportion  of  phosphorus  from  a  saturated  solid  solu- 
tion than  from  one  containing  less  phosphorus.  The  reason  for  this 
is  not  far  to  seek,  for,  as  has  been  shown  in  the  paper,  the  phos- 
phorus is  feebly  held  in  solution  in  the  saturated  compound,  and 
very  slow  cooling  from  a  high  temperature  is  sufficient  to  cause 
some  of  it  to  separate  even  without  any  carbon  at  alL 

In  answer  to  Mr.  A.  Wingham  with  regard  to  the  question  of 
internal  pressures  and  strains  when  metals  solidify,  it  is  possible 
that  films  of  the  eutectic  may  have  a  destructive  influence  on 
the  metal.  It  must  not  be  forgotten,  however,  that  after  the 
formation  of  the  eutectics,  in  cooling  down  to  the  normal  atmos- 
pheric temperature,  the  molecules  of  all  the  constituents  are  still 
active  and  mobile,  and  apparently  more  or  less  migratory  and 
inter-diflfusive.  When  the  cooling  is  exceedingly  slow,  any  dis- 
ruptive or  strained  position  most  probably  will  be,  in  such  cases, 
neutralised  by  the  molecular  re-adjustment  of  the  particles. 

It  is  certain,  as  Mr.  Wingham  mentions,  that  the  molecular 
pressure  on  the  mass  of  cooling  pig  iron  is  responsible  for  the 
formation  of  the  white  portions  in  the  centres  of  certain  pig 
irons.  A  most  notable  example  of  this  was  given  by  myself  in 
the  discussion  on  Sir  Thomas  Wrightson's  paper  on  "Some 
Physical  Changes  occurring  in  Iron  and  Steel  at  High  Tem- 
peratures," read  before  this  Institute  in  1880. 

I  have  long  wished  for  the  time  and  opportunity  to  determine 
exactly  what  takes  place  when  minute  quantities  of  mercury 
causes  brittleness  in  tin  or  zinc.  I  am  inclined  to  believe  it 
forms  a  brittle  alloy  along  the  planes  of  the  cleavage.  It  does 
not  appear  ever  to  have  been  stated  that  because  a  metal  is 
crystalline  it  is  therefore  brittle.  All  metals  in  commercial  use 
are  crystalline.  Brittleness  has  been  shown  to  take  place  in 
certain  pure  irons  in  which  the  general  orientation  of  the  crystal- 
line axes  of  the  crystalline  grains,  with  relation  to  the  exterior 
surfaces,  were  practically  all  in  the  same  direction.  In  such 
cases  fracture  was  readily  effected  along  the  general  directions  of 
the  principal  cleavages,  but  in  no  other  directions. 

I  am  far  from  knowing  all  that  could  and  will  be  learnt 
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IRON    AND    STEEL    AT    THE    UNIVERSAL 
EXHIBITION,  PARIS,  1900. 

By  Pbofissor  H.  BAUERMAK,  Ordnance  Collboi,  Woolwich. 

The  following  paper,  which  has  been  prepared  mainly  for  the 
use  of  the  members  of  the  Institute  visiting  the  Exhibition 
during  the  meetings  is  intended  to  serve  as  a  summary  guide  to 
the  more  prominent  exhibits,  and  not  as  a  complete  analysis  of 
the  whole  collection,  for  which  purpose  more  space  would  be 
required  than  could  reasonably  be  asked  for.  It  may,  however, 
be  useful  to  say  a  few  words,  by  way  of  introduction,  on  the 
general  principles  of  arrangement  adopted,  using,  by  way  of 
reference,  the  excellent  plan  attached  to  the  detailed  programme 
of  the  meeting. 

1.  Clasdjication, — According  to  the  scheme  adopted  by  the 
Commission  of  the  Universal  Exhibition,  the  subjects  of  mining, 
metallurgy,  and  metal  manufactures  are  included  in  Group  XI., 
which  is  subdivided  into  the  following  classes : — 

Classe  63.  Exploitation    des    Mines — Minerals    and 

processes  of  mining. 
Classe   64.  Grosse  M^tallurgie — Smelting  and  heavy 

forge  and  foundry  work. 
Classe  65.  Petite     M^tallurgie — Small     metal-work, 

hardware,  &c. 

The  bulk  of  the  exhibits  in  these  classes  are  to  be  found  in  the 
Palais  des  Mines  et  de  la  M^tallurgie,  which  occupies  the 
northern  end  of  the  eastern  part  of  the  twin  building  on  the 
Champ  de  Mars.  This  covers  about  seven  acres,  the  space 
being  nearly  equally  divided  between  Prance  and  foreign  coun- 
tries ;  and  the  same  arrangement  is  followed  in  the  gallery,  where, 
however,  the  French  and  foreign  sections  are  separated  by  the 
retrospective  or  centennial  exhibition.  The  mining  exhibits  in 
Class  63  are  to  be  found  mostly  along  the  northern  and  eastern 
walls  of  the  ground  floor ;    those  of  the  smaller  metallurgy. 
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of  Longwy  and  Nancy.  From  this  we  gather  that  the  work- 
ings of  oolitic  ore  are  mainly  concentrated  in  two  areas  known 
as  the  basins  of  Nancy  and  Briey.  In  the  former  the  mining 
area  is  about  72  square  miles,  the  ore-bearing  formation  being 
about  35  feet  of  marls  and  limestones,  containing  three  beds  of 
mineral  varying  considerably  in  quality,  the  best  ore  being  got 
from  the  upper  bed  in  the  north,  and  from  the  lower  one  in 
the  south,  the  workable  thickness  varying  from  8  to  14  feet, 
according  to  the  nature  of  the  different  beds.  The  output  of 
this  district  was  1.700,000  tons  in  1899. 

In  the  Briey  basin,  which  is  the  more  important  region,  with 
a  conceded  area  of  120  square  miles,  there  are  no  outcrop  mines, 
the  ores  being  all  deep-seated ;  but  they  have  been  systematically 
proved  by  more  than  150  borings,  at  a  cost  of  about  £120,000. 
The  principal  deposit,  the  so-called  grey  bed  (mine  grise\  which 
resembles  un weathered  Cleveland  or  Northamptonshire  stone,  con- 
tains 85  to  42  per  cent  iron,  about  0*9  per  cent  phosphorus,  7 
to  15  per  cent  lime,  and  5  to  7  per  cent  silica,  the  waste  con- 
stituents being  in  such  proportion  as  to  require  a  certain  addition 
of  siliceous  flux,  which  is  supplied  by  some  of  the  leaner  ore  of 
the  associated  yellow,  red,  and  black  beds.  The  grey  bed  varies 
between  7  and  25  feet  in  thickness,  and  the  depth  below  the 
surface  from  250  to  850  feet  The  quantity  of  ore  contained  in 
the  region  is  estimated  at  about  2000  million  tons,  about  one-half 
of  which  may  be  got  by  systematic  mining.  The  roost  active 
working  centres  at  present  are  at  the  northern  end,  in  Uie  district 
of  Longwy  and  Villerupt,  with  an  output  in  1899  of  2,400,000 
tons.  The  total  production  of  iron  ore  in  France  is  about 
5,000,000  tons,  the  Meurthe  and  Moselle  region  contributing 
over  80  per  cent,  and  in  the  same  year  the  blast-furnaces  of 
that  department  produced  1,576,000  tons,  out  of  the  total  make 
of  pig  iron  of  2,576,000  tons.  It  is  expected,  however,  that  with 
increased  development  of  the  mines  and  facilities  for  transport, 
a  total  make  of  2,500,000  tons  in  the  department  may  be  attained 
in  the  next  ten  years.  Considerable  difficulties  have  been  experi- 
enced in  opening  the  deep  mines,  owing  to  the  laige  quantity  of 
water  encount^^  in  sinking,  which,  in  some  instances,  has  led 
to  the  necessity  of  adopting  the  Poetsch  system  <rf  freezing  the 
water-bearing  strata  arouxHl  the  side  of  the  shaft 
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represented,  the  exhibits  being  grouped  separately,  but  with  a 
certain  uniformity  of  arrangement,  about  the  central  octagon, 
under  the  title  of  Collectivity  de  le  Loire,  which  includes  the 
following  works : — Saint-Chamond,  Marrel  Brothers,  Pirminy, 
Unieux,  Brunon  &  Yalette,  Saint-^tienne,  and  Claudisson  &  Co. 
Prominent  among  them  is  the  large  collection  of  the  Compagnie 
des  Forges  et  Acieries  de  la  Marine  et  des  Chemins  de  Fer,  pro- 
prietors of  the  well-known  works  of  Saint-Chamond,  Asailly, 
Rive  de  Gier,  and  Givors,  in  the  neighbourhood  of  Saint-lfitienne, 
and  the  Forges  de  TAdour  at  Le  Boucau,  near  Bayonne.  This 
includes  iron  and  steel  work  for  uses  in  military,  naval,  and 
railway  service,  and  is  supplemented  by  a  large  show  of  ordnance 
and  armour-plates  in  the  naval  and  military  building  on  the 
Quai  d'Orsay.  The  great  extent  of  these  collections,  which 
require  a  catalogue  of  40  quarto  pages  for  their  description, 
renders  it  impossible  to  give  even  the  most  summary  analysis  of 
their  contents,  further  than  to  state  that  Saint-Chamond  con- 
tributes heavy  castings  and  forgings  for  artillery,  with  models  of 
the  100-ton  ingot  used  for  naval  guns,  one  of  the  castings  for  a 
6000-ton  forging  press  lately  erected,  a  rough  hollow  forging  of 
26  tons  for  the  tube  of  a  12-inch  naval  gun,  worked  under  a 
steam-hammer  upon  a  mandrel,  several  finished  gun  forgings  of 
smaller  sizes,  a  fine  collection  of  tested  locomotive  and  waggon 
tires,  and  an  interesting  series  of  fractures  and  test-pieces  of 
structural  steel  of  all  kinds  between  25  and  48  tons  tensile 
strength.  Among  these  the  special  steel  of  Saint-Chamond, 
containing  both  chromium  and  nickel,  ranges,  according  to  hard- 
ness, between  41  and  48  tons  in  tensile  strength,  with  19  to  23 
per  cent,  elongation,  and  the  26  per  cent  nickel  steel  gives  46*5 
tons  with  65  per  cent  elongation  on  a  length  of  4  inches.  The 
basis  of  these  objects  is  open-hearth  steel,  using  for  the  bath 
Sardinian  magnetic,  Spanish,  and  Algerian  ores,  which,  when 
necessary,  is  specially  refined  to  reduce  sulphur  and  phosphorus 
to  a  maximum  of  0*01  per  cent,  and  as  malleable  material,  iron 
puddled  from  the  same  class  of  pigs  in  a  rotatory  furnace  with 
separate  melting  bed,  taking  20-cwt  charges  and  producing  about 
8^  tons  of  puddle  blooms  in  twenty-four  hours.  For  ordnance, 
the  ingots  are  reduced  by  forging  to  one-fourth  of  their  original 
cross  section,  and  in  weight  by  50,  or,  in  some  cases,  60  per 
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tubes  and  machinery  castings,  a  finished  connecting  rod  in  nickel 
steel  for  a  new  transatlantic  steamer,  railway  tires  up  to  10  feet 
8  inches  diameter,  a  steel  shell  of  420  mm.,  which  penetrated 
a  550  mm.  steel  armour-plate,  and  tool  steels  of  various  kinds, 
including  one  of  a  specially  hard  character  for  which  the  name 
of  "  ader  Satan  "  has  been  selected. 

In  the  exhibit  of  the  Forges  and  Steelworks  of  Saint-l^tienne, 
a  method  of  making  heavy  projectiles  from  conical  steel  ingots, 
shown  in  different  stages  of  transformation,  as  well  as  a  system  of 
compressing  steel  ingots,  are  specially  noticeable,  besides  some  fine 
examples  of  large  hollow  forgings  and  plates  for  gun-shields. 

Messrs.  Jacob  Holtzer  &  Co.  of  Unieux  have  a  large  and  veiy 
varied  exhibit  of  objects  almost  exclusively  in  crucible  cast  steeL 
The  basis  of  the  manufacture  is  charcoal  pig  iron  from  Ria  in 
Corsica,  which  is  partly  converted  into  steel  by  puddling,  but 
principally  by  cementation  and  fusion  in  crucibles.  Gas-melting 
furnaces  are  used  containing  80  to  32  crucibles,  each  one  admit- 
ting of  the  production  of  ingots  up  to  6  tons.  Among  the  most 
notable  objects,  in  addition  to  the  famous  Holtzer  projectiles,  are 
castings  for  the  framing  of  T.  B.  D.  engines,  cylinder  cones  for 
large  marine  engines,  deck  and  shield  plates  for  naval  guns,  and 
a  remarkable  series  of  tests  of  steels  with  varying  proportions  of 
chromium  from  5  to  30  per  cent.,  the  carbon  being  kept  constant 
at  0'4  per  cent.  The  mechanical  properties  of  these  alloys  are 
shown  in  the  following  table : — 


Cbromium. 

Condition. 

Elastic 
Limit 

Breaking 
Stress. 

Elongation. 
Per  Cent 

ContimetioD.* 

Per  Cent 

Tons  per 
Sq.  Inch. 

Tons  per 
Sq.  Inch. 

1 

6 

! 

17-8 

81-8 

240 

0-240 

Hardened  and  tempered 

48-8 

65-2 

12-0 

0-370        ' 

10 

- 

Annealed 

22-9 

420 

21-6 

0-440        , 

Hardened  and  tempered 

42-4 

64-3 

12-0 

0-536        ' 

16 

{ 

Annealed 

25-4 

45-3 

18-5 

0  600 

Hardened  and  tempered 

48-8 

68-1 

11-5 

0-646 

20 

[ 

Annealed 

21-2 

361 

21-5 

0-465        ' 

Hardened  and  tempered 

27-6 

40-8 

19-6 

0-516 

25 

Annealed 

29-8 

42-2 

18-0 

0^621 

Hanlened 

27-6 

40-4 

200 

0-600        ' 

80 

[ 

Annealed 

31-8 

41-6 

190 

0*620        , 

(     Hardened      . 

28-8 

80-0 

190 

0-650 

*  Ratio  of  fractured  to  original  section. 
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send  a  very  full  series  of  products  illustrating  their  operations, 
including  coke  and  by-products  made  in  Otto  and  Copp^ 
ovens,  cast  iron  from  alluvial  and  oolitic  ores,  and  basic 
steel  ingots  and  forgings  in  various  stages  of  manufacture. 
A  more  special  interest  attaches  to  the  steels  with  high  per- 
centages of  nickel  produced  at  the  Imphy  Steelworks,  which 
have  been  described  in  an  important  memoir  by  Mr.  Guillaume, 
published  a  short  time  ago.  These  by  special  heat  treatment 
can  be  made  to  vary  in  physical  properties  in  a  very  remarkable 
manner,  being  made  magnetic  or  non-magnetic  at  will,  and  their 
dilatation  by  heating  can  be  similarily  varied.  The  latter 
property  has  been  applied  to  the  production  of  wire  having  the 
same  co-efficient  of  expansion  as  glass,  and  therefore  capable  of 
replacing  platinum  in  the  manufacture  of  incandescent  electric 
lamps.  Another  alloy  with  35  per  cent,  of  nickel  is  practically 
non-dilatable  at  ordinary  temperatures,  the  co-efficient  of 
extension  being  only  1/500,000  per  degree  Centigrade.  This 
has  been  applied  to  the  construction  of  pendulums  for 
observatory  clocks  and  standard  bars  for  geodetic  purposes. 
These  products  are  also  exhibited  in  the  Military  Pavilion, 
where  they  can  be  more  readily  examined,  the  light  being  better 
than  in  the  main  building. 

The  Soci^t^  des  Acieries  de  France,  having  its  principal  works 
at  Isbergues,  near  Bethune,  produces  both  Bessemer  and  open- 
hearth  steel  from  Spanish,  Algerian,  Elban,  Greek  and  other  high- 
class  ores,  imported  through  Calais  and  Dunkirk,  which  are 
smelted  with  coke  made  from  local  coal,  with  some  occasional 
supply  from  England,  the  pig  irons  melted  being  of  the  highest 
quality,  with  a  maximum  of  0*05  phosphorus  and  1-25  to  1*90 
manganese.  The  products  are  very  largely  rails,  among  which 
some  heavy  flanged  forms  for  tramways  weighing  up  to  105  lbs.  per 
yard,  with  a  groove  in  the  head  If  inches  deep,  and  very  thin 
web  and  flange  are  noticeable  as  examples  of  difficult  sections. 
And  more  remarkable  is  the  new  fish-plate  joints  for  chair-rails 
adopted  by  the  Western  Railway  of  Prance.  These  are  about 
5  feet  long,  the  principal  plate,  which  has  a  foot  about  8  inches 
broad,  weighing  127  lbs.  to  the  yard,  is  of  an  irregular  form,  which 
was  specially  difficult  to  roll  with  cast  iron  rolls,  and  when  many 
of  these  had  been  broken,  cast  steel  finishing  rolls,  one  of  which. 
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and  silicon,  with  details  of  their  tensile  strength,  elongation,  &c 
This  collection,  which  is  a  very  full  one,  is  partially  duplicated  in 
the  same  Company's  exhibit  in  the  Naval  and  Military  Pavilion. 

One  of  the  roost  effective  displays  in  Class  64  is  that  made  by 
the  Forges  de  Douai,  whose  exhibit,  consisting  largely  of  pressed 
work,  such  as  furnace  plates,  steam  domes,  manhole  covers,  and 
other  boiler  fittings,  shafts  and  cranks  for  marine  engines  and 
locomotive  wheels,  arranged  as  a  tall  arch,  formed  a  fitting  entrance 
to  the  Metallurgical  Section  from  the  main  door  of  the  Palais. 

The  Escaut  and  Meuse  Company  of  Anzin  and  Val  Benoit, 
near  Li^ge,  exhibit  many  large  examples  of  tubes,  both  solid 
drawn  and  welded.  The  former  are  made  from  solid  ingots  by 
the  Mannesmann  and  Robertson  processes,  and  the  latter  both  by 
butt  and  lap  welding.  Among  these  are  a  rolled  strip  7  inches 
vride,  0*12  inch  thick,and  213  feet  long;  another  of  19*7  incheswide, 
0-2  inch  thick,  and  151  feet  long ;  lap  welded  tubes  13*8  inches 
diameter  and  20  feet  long;  a  brine  circulating  tube  for  the  Poetsch 
freezing  process ;  perforated  and  cupped  ingots  from  5  to  90  feet, 
made  by  one  passage  of  the  hydraulic  press,  and  a  weldless  tube 
4  inches  in  diameter,  0*14  inch  thick,  and  56  feet  long  rolled  into 
a  spiral.  The  gas- welded  work  includes  a  main  steam-pipe  46 
feet  long,  34*6  inches  in  diameter,  with  several  flanged  nozzles ; 
a  steam  diver  of  39*2  inches  diameter  17  feet  high ;  a  section  of  a 
sailing  ship's  mast,  and  a  reservoir  for  compressed  air  at  1500 
lbs.  pressure,  10*8  feet  long,  19*7  inches  diameter,  and  1  inch 
thick,  with  ends  and  connecting  boss  welded  on. 

The  ironworks  of  the  Meurthe  and  Moselle  region  have  a 
prominent  representative  in  the  Blast-Furnace,  Forge,  and  Steel- 
works Company  of  Pompey,  near  Nancy.  In  1889  this  Company 
made  a  remarkable  display  of  ironwork  as  applied  to  architec- 
tural design,  besides  furnishing  a  large  part  of  the  buildings  and 
the  whole  of  the  iron  for  the  tower  of  300  metres,  and  on  the 
present  occasion  it  has  applied  the  higher  geometry  to  decorative 
purposes  by  constructing  a  surface  of  the  second  order — a  hyper- 
bolic paraboloid — as  a  trophy,  in  which  the  ruled  lines  defining 
the  surface  are  made  of  bars,  rails,  angles,  and  other  sections  in 
steel,  the  geometric  axes  being  represented  by  an  inclined  and  a 
vertical  frame  made  of  plates  and  joists,  the  latter  being  crowned 
by  an  open  framework  studded  with  polished  railway  buffers. 
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of  foundry  iron  daily,  which  is  almost  entirely  converted  into 
pipes,  a  considerable  portion  being  cast  direct  from  the  blast- 
furnace. From  3f  to  4|  miles  in  length  of  pipes  are  produced 
in  the  foundry  per  working  day,  all  being  cast  upright,  and 
tested  by  hydraulic  pressure  of  15  to  25  atmospheres.  This 
exhibit  also  contains  a  model  of  the  shaft  at  Arbou^  now  being 
made  by  the  Poetsch  freezing  process  to  the  grey  bed  of  ore 
at  140  metres  deep.  This  is  16  J  feet  diameter,  requiring  about 
1000  tons  of  cast  iron  tubbing,  and  will  be  equipped  for  an 
output  of  2000  tons  daily,  with  pumping  power  capable  of 
raising  23  tons  of  water  per  minute. 

The  Soci^t^  M^tallurgique  de  Grorcy,  makers  of  pit  tubbing 
for  collieries  and  other  mines,  have  arrayed  a  complete  ring 
of  tubbing,  23  feet  in  diameter,  as  an  arch  over  one  of  the 
main  passages.  Associated  with  this  are  the  valves  and  burners 
of  a  Cowper  stove,  in  which  some  new  features  are  introduced. 

Another  excellent  display  of  pipes  is  made  by  the  Fumel  Works 
of  the  Metallurgical  Society  of  P^rigord.  It  adjoins  that  of 
the  Pont-i-Mousson  Works. 

The  Micheville  Steelworks  Company,  of  Micheville  Villerupt, 
have,  as  a  principal  feature  of  their  exhibit,  a  tall  trophy  built  up 
of  curved  and  straight  joists,  somewhat  resembling  a  church  steeple. 
All  the  ores  used  and  the  intermediate  products  are  very  fully 
illustrated  with  analytical  and  other  details.  This  is  one  of 
the  best  exhibits  for  study  for  any  one  wishing  to  obtain  a  gene- 
ral knowledge  of  the  conditions  of  minette  smelting  quickly. 

The  Longwy  Steelworks  Company  of  Mont  Saint-Martin  send 
some  large  and  heavy  steel  castings,  including  a  plate  roll  par- 
tially finished  from  the  ingot,  a  large  pinion,  and  a  consider- 
able number  of  bars  and  sections.  Among  them  is  an  extra  hard 
steel  rail  of  56|  tons  tensile  strength,  with  18  per  cent,  elonga- 
tion, which  supported  92  tons  when  laid  on  bearings  39  inches 
apart,  and  bore  an  impact  test  of  6  cwts.  falling  20  feet  without 
breaking. 

The  character  of  the  pig  iron  made  in  Lorraine  is  most  com- 
pletely exemplified  in  the  collection  shown  by  the  Comptoir 
M^tallurgique  de  Longwy.  This  includes  a  series,  classified 
according  to  numbers  and  uses,  of  foundry  steel-making  and  forge 
pigs,   cement,    bricks,  paving    slabs,   and   other   slag   products. 
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Stenay.  The  latter  Company  exhibits  the  model  of  a  small 
converter  with  side  tuyeres  and  a  pocket  in  the  neck  to  facilitate 
pouring  when  casting  direct. 

The  Saut  -  du  -  Tarn  Steelworks  contribute  an  excellent 
collection  of  tools,  scythes,  files,  and  other  articles,  both  in 
puddled  and  cast  steel,  made  from  the  manganiferous,  spathic, 
and  brown  ores  of  the  Pyrenees.  The  works,  situated  at  Saint- 
Juery,  near  Albi,  have  a  disposable  fall  of  water  of  about  2500 
horse-power.  The  principal  ore  supply  is  derived  from  a  mine  about 
twelve  miles  distant,  and  coal  and  coke  for  smelting  are  drawn 
from  the  coalfields  of  Albi  and  Camaux,  which  are  close  at  hand. 
The  crucible  steel  is  melted  in  seven  gas-furnaces;  that  for 
scythes  and  agricultural  implements  is  mostly  puddled. 

Another  large  exhibit  of  steel  goods  for  agricultural  purposes 
is  supplied  by  Messrs.  Gouvy  &  Co.  of  Dieulouard,  Meurthe-et- 
Moselle,  including  shovels,  forks,  plough  fittings,  cart  tires,  &c 
The  materials  used  are  natural  (puddled)  and  refined  shear  steel 
from  the  puddled  blooms. 

The  principal  French  representatives  of  tin-plate  manufacture 
are  the  Soci^t^  de  Cirages  Francais,  owners  of  the  well-known 
forges  of  Hennebout  in  Brittany,  where  tin-plate  for  the  sardine 
packing  trade  is  largely  produced,  and  the  Montataire  Forge 
and  Foundry  Company,  who  have  blast-furnaces  and  steel- 
works at  Frouard,  Lorraine,  open-hearth  steelworks,  rolling-mills, 
turning  and  galvanising  works  at  Montataire,  about  30  miles 
north  of  Paris,  and  tin-plate  printing  and  ornamenting  works  at 
Nantes,  the  position  of  the  latter  being  also  determined  by  the 
requirements  of  the  packing  trade.  Montataire  is  of  interest 
historically,  as  having  been  the  first  place  in  France  where  tin- 
plate  was  made  in  1813,  as  well  as  the  site  of  Sudr^'s  experiments 
on  the  smelting  of  steel  in  large  masses  without  crucibles,  made 
in  1862,  shortly  before  the  problem  was  solved  by  the  application 
of  the  Siemens  furnace  to  the  purpose  by  Messrs.  Martin  of 
Sireuil. 

The  subject  of  plant  for  iron  steelworks  is  principally  illus- 
trated by  Messrs.  A.  Delattre  &  Co.  of  Ferrifere  la  Grande, 
Maubeuge,  who  have  sent  the  roughing  pair  of  a  reversing  joist 
or  rail-mill,  with  33J  inch  rolls,  and  hydraulic  rack-and-pinion 
gear  for  the  setting  screws,  the  whole  being  complete  with  the 
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the  ores  and  smelting  products  in  nickel  and  cobalt,  and 
a  very  large  series  of  nickel  steels  made  by  most  of  the 
principal  steelmakers  in  France,  the  details  of  these  last 
being  given  at  length  in  a  descriptive  pamphlet.  Smaller 
exhibits  of  a  similar  character  are  also  exhibited  in  the  New 
Caledonian  Pavilion,  and  that  of  the  French  Colonial  Ministry 
on  the  Trocadero.  Another  exhibit  covering  some  of  the  same 
ground  is  that  of  the  '*  Ferro-Nickel "  Company  in  the  gallery 
of  the  main  building.  This  contains,  besides  iron,  nickel  alloys 
which  are  considered  to  be  preferable  to  pure  nickel  for  steel- 
making,  Grerman  silver  and  other  copper  alloys,  and  the  original 
samples  of  nickel  steel  exhibited  in  1889,  when  they  were 
received  with  comparative  indifference. 

The  principal  aluminium  exhibit  in  the  gallery  of  the  main 
building  is  that  of  the  French  Electro-Metallurgical  Society  of 
Froges,  Isfere,  having  alumina  works  at  Gardanne  and  electrolytic 
reduction  works  at  Froges  and  La  Praz,  where  the  H^rault  process 
is  used  under  the  direction  of  the  inventor.  At  the  latter  works, 
where  15,000  horse-power  is  disposable,  the  power  water  is  carried 
across  a  river  by  a  rivetted  steel  pipe  7*9  feet  in  diameter,  passing 
an  arch  of  213  feet  span  without  intermediate  supports  or  bracing. 
Tills  includes  pure  aluminium  and  its  alloys  in  ingots,  bars, 
plates,  and  other  rolled  forms,  castings,  and  a  very  full  series  of 
manufactured  objects.  In  the  special  electrical  pavilion  will  be 
found  a  series  of  thick  plates  and  bars  of  aluminium  of  high 
purity  by  the  Alais  and  Lamage  Company,  formerly  Pechiney  &  Co., 
and  in  the  same  place  an  application  of  aluminium  in  the  place 
of  copper  for  conveying  a  heavy  electric  current  is  shown.  There 
are  some  fine  examples  of  aluminium  and  aluminium-bronze 
castings  in  the  main  building  by  Mr.  M.  Corbin,  and  also  by 
Mr.  H.  Partin  of  Puteaux,  so-called  Partinum  metal  Among 
the  latter  are  frames  for  50  and  35  horse-power  motors  for  the 
heavy  automobile  carriages  or  "tr<icteurs"  of  Messrs.  De  Dion 
Bouton  &  Co. 

Another  interesting  application  of  aluminium  shown  outside 
the  Military  Pavilion  on  the  Quai  d'Orsay  is  a  portable  military 
bridge  made  for  the  Aluminum  Commission  by  the  Forges  de 
Sedan  from  the  designs  of  General  Dumont.  This  is  a  lattice 
truss  girder  for  a  span  of  57  feet,  with  three  beams  each  in  two 
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Italy. — The  principal  feature  in  the  Italian  Section  is  the 
large  exhibit  of  the  Terni  Steelworks  Company,  which  occupies 
the  larger  part  of  the  ground-floor  space.  In  this  are  included 
a  model  of  their  principal  establishment,  the  well-known  water- 
power  steelworks  and  forges  at  Terni,  described  in  Sir  B. 
Samuelson's  paper  in  the  Journal  of  the  Institute  (1887,  No.  I.), 
numerous  examples  of  heavy  castings  for  waterworks,  pipes  from 
0*8  to  60  inches  diameter,  and  sluice  valves  of  7^  and  9^  tons, 
rails  and  fish-plates,  the  cylinder  covers  for  the  engines  of  a 
large  cruiser  in  cast  steel,  projectiles  of  all  sizes  up  to  13 '6 
inches  diameter,  and  armour-plates.  The  latter  are  of  two  kinds, 
called  respectively  "Terni  Patent"  and  "Terni  Special,"  the 
first  being  made  to  resist  penetration  without  special  regard  to 
immunity  from  cracking,  while  the  second,  being  of  a  more 
ductile  character,  may  be  penetrated  at  extreme  velocities,  but 
develop  no  surface  fractures.  Four  specimens  of  each  class  of 
plate,  ranging  in  thickness  from  about  3  to  6  inches,  are  shown 
with  the  details  of  penetration,  velocity,  &a,  of  the  different  shots 
marked  on  them,  these  details  being  further  presented  in  a  de- 
scriptive pamphlet.  The  pig  iron  used  at  these  works  is  partly 
derived  from  blast-furnaces  in  the  Yal  Trompia;  the  fuel  is 
lignite  from  mines  at  Spoleto.  Some  fine  examples  of  fossil 
tree  trunks  from  these  mines  are  exhibited,  together  with 
numerous  photographs  of  the  works.  Another  collection  of 
steel  castings  made  in  the  Roberts  converter  is  contributed  by 
the  Milanese  Steel  Foundry  Company  of  Milan.  This  contains 
models  in  steel  of  stem  and  stem -post  castings  executed 
for  the  Italian  and  other  navies,  the  full-sized  foundry  patterns 
being  shown  in  the  Naval  Pavilion.  Mr.  Frank  GriflSn  of 
Brescia  sends  examples  of  the  strong  foundry  iron  of  that  district, 
including  a  large  plate  roll  and  railway  or  tramway  wheels  cast 
in  chill. 

The  gallery  of  the  Italian  Section  contains  a  fine  case  of 
aluminium  goods  by  Mr.  Claudio  Zecchini  of  Milan,  and  a  very 
complete  collection  illustrating  the  geology  and  mineral  resources 
of  the  kingdom,  made  by  the  Royal  Corps  of  Mining  Engineers. 
In  this  the  iron  ores  of  Italy  are  well  displayed  by  a  series  of 
about  a  hundred  specimens  from  Elba,  the  Alpine  and  Sub- 
Alpine,  regions,  Naples,  and  Sicily. 
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per  minute.    Adjoining  this,  on  the  south  side,  is  a  1200-ton  direct 
acting  steam  and  hydraulic  press  of  the  well-known  form  made 
by  Messrs.  Breuer,  Schuhmacher,  &  Co.  of  Kalk,  with  a  hydraulic 
bar  shear  of  a  very  compact  form,  the  pressure  pumps  being  driven 
by  an  electro-motor  attached  to  the  framing,  by  the  same  makers. 
A  fine  piece  of  flanging,  a  boiler  front  with  two  holes  for  furnace 
tubes,  and  a  boss  for  the  water-gauge  attachment  produced  at  one 
heat,  is  shown  in  illustration  of  the  work  done  by  the  press. 
Other  machines  for  flanging  and  deep  stamping  are  shown  by  Mr. 
L.  Schuler  of  Goppingen  and  Mr.  E.  Chillingworth  of  Niimberg, 
the  latter  making  a  special  exhibit  of  driving  pulleys,  either  solid 
or  built  up  in  two  or  more  segments,  stamped  out  of  steel-plate, 
which  are  being  largely  used  instead  of  cast  iron  or  wooden 
wheels.      The  northern  side  of  the  court  is  occupied  by    the 
Allgemeine  Electricitats  Gresellschaft  with  a  Biedler  "  express " 
pump  driven  by  an  electro-motor  of  75  horse-power,  intended  to 
lift  240  gallons  per  second  to  a  height  of  900  feet,  the  space 
occupied  for  this  combination  being  only  about  one-fourth  of  that 
required  by  an  underground  steam-pump  of  the  same  capacity. 
Adjoining  this  is  a  large  show  of  electric-driven  rock-drills,  both 
of  rotatory  and  percussive  kinds,  by  Messrs.  Siemens  &  Halske. 
The  gallery  of   the   German   Section  is  largely  devoted  to 
amber,  but  also  contains  several  objects  of  great  metallurgical 
interest,  the  most  notable  being  that  of  the  Thermo-Chemical 
Industry  Company  of  Essen,  illustrating  Dr.  H.  Goldschmidt's 
method  of  reducing  the  oxides  of  chromium,  nickel,  manganese, 
and  other  refractory  metals  by  combustion  with  finely  divided 
aluminium,  when,  as  a  consequence  of  the  intense  local  develop- 
ment of  heat,  the  reduced  metal,  although  free  from  carbon,  melted, 
as  also  the  slag,  the  latter  being  pure  alumina,  which  is  tinted  with 
a  little  chromium  oxide,  and  crystallises  in  the  form  of  corundum 
or  ruby.     This  being  harder  than  natural  emery,  has  found  an 
application  as  an  abrasive  material  under  the  name  of  ''corubin.** 
Another  application  of  this  method  is  to  the  welding  of  tubes 
or  rails  by  the  heat  developed  in  the  reduction  of  a  mixture  of 
oxide  of  iron  aluminium  and  other  substances,  supplied  as  a  mixture 
called  "thermite,"  which  is  burned  in  a  box  surrounding  the  parts 
to  be  joined.      Chromium  and   manganese  of  high  purity  are 
obtained  by  this  method  with  great  ease,  and  singularly  enough 
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the  latter  metal,  which  as  high  ferro-manganese  is  readily  oxidis- 
able,  seems  to  keep  perfectly  bright  in  the  air  when  free  from 
carbon.  A  notable  advance  in  the  knowledge  of  working 
aluminium  is  shown  in  the  exhibit  of  Mr.  W.  C.  Herseus  of  Hanau, 
who  has  discovered  that  within  a  small  range  of  temperature, 
nearly  but  not  quite  at  a  red  heat,  the  metal  may  be  welded,  and 
several  examples,  including  tubes,  funnels,  and  the  worm  of  a 
still,  are  shown  in  illustration  of  the  method. 

The  Silesian  Nickel  Works  show  specimens  of  nickel  smelted 
from  pimelite  and  schuchardite  These  are  indefinite  hydrated 
silicates,  somewhat  like  the  noumeite  of  New  Caledonia,  with 
magnesia,  alumina,  and  nickel  oxide  as  bases.  The  maximum 
amount  of  nickel  contained  is  14  per  cent. 

One  of  the  largest  examples  of  welded  work  in  the  Exhibition 
is  the  gas  reservoir  sent  by  Mr.  Julius  Pintsch,  made  from  steel 
plates  supplied  by  the  Borsig  Works.  This  is  a  cylinder  of  1766 
cubic  feet  capacity,  ^inch  plate,  59  inches  in  diameter,  65  feet 
7i  inches  long,  with  |-inch  ends,  welded  by  water-gas  blowpipe 
flame,  weighing  27,000  lbs.  and  tested  to  284  lbs.  per  square 
inch.  It  is  placed  on  the  quay  adjoining  the  Naval  and  Military 
building. 

Great  Britain, — The  representation  of  the  metallurgical 
industry  of  the  United  Kingdom  is  very  small,  being,  so  fa; 
as  iron  and  steel  are  concerned,  restricted  to  the  West  Riding 
of  Yorkshire.  The  most  prominent  position  is  occupied  by 
Messrs.  William  Jessop  &  Co.,  who  send  a  varied  collection  of 
objects  in  cast  steel,  including  wheels  and  pinions  with 
straight  and  helical  teeth,  mine  wheels,  die  blanks,  sections  of 
Swedish  iron,  blister  and  cast  steel  of  different  tempers, 
soft  centre  ingots  and  bars,  ribbon  steel  for  saws  and  pen 
steel,  the  make  of  the  latter  article  being  more  than  1000 
tons  annually.  Other  Sheffield  firms  represented  are  Messrs. 
Seebohm  &  Dieckstahl,  by  a  collection  of  sections  and  fractures 
of  blister  and  cast  steel  in  ingots  and  bars,  in  all  the  different 
conditions  of  manufacture ;  Messrs.  Beardshaw  &  Son,  showing 
a  large  collection  of  steel  bars  made  to  special  sections  for 
machine  tool-cutters ;  Messrs.  J.  J.  Saville  &  Co.,  crucible  cast 
steel  tools  and  files;  and  Messrs.  J.  H.  Andrew  &  Co.,  cast 
steel  hammers  and  small  picks.     Malleable  iron  is  represented 
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by  the  Farnley  Iron  Company,  who  contribute  a  small  series  of 
forge  and  other  working  tests  to  show  the  special  qualities  of 
best  Yorkshire  iron.  They  have  also  a  large  exhibit  of 
enamelled  fireclay  goods  in  the  ceramic  department  Two 
interesting  exhibits  of  a  retrospective  character  in  this  section 
deserve  notice.  These  are  the  case  of  specimens  of  the  first 
products  of  the  Bessemer  process,  presented  to  the  Institute  by 
Sir  H.  Bessemer,  and  exhibited  by  the  Council,  and  specimens 
and  records  of  the  first  experiments  made  by  Mr.  G.  J.  Snelus 
in  dephosphorising  iron,  together  with  a  series  of  statistical  and 
other  tables,  showing  the  present  output  of  the  basic  process, 
which  has  been  developed  from  these  experiments.  Mr. 
B.  H.  Thwaite  and  the  Blast-Fumace  Power  Syndicate  ex- 
hibit a  series  of  drawings  and  documents  on  gas-furnaces  and 
the  use  of  blast-furnace  gas  for  internal  combustion  engines, 
with  a  sectional  model  of  a  new  form  of  blowing  engine  for 
blast-furnaces. 

The  large  exhibit  of  Messrs.  Yickers,  Sons,  &  Maxim,  con- 
tained in  a  separate  building  on  the  Quai  d'Orsay,  is  mostly 
devoted  to  artillery,  including  6-inch,  7J-inch  quick-firing  guns, 
a  12-inch  50-ton  gun,  and  field-guns  and  equipment  of  various 
sizes,  while  the  galleiy  contains  a  series  of  models  of  the  ships 
built  at  Barrow.  Besides  these  there  are  tests  of  locomotive 
crank  axles  and  a  9^inch  tyre,  and  plaster  casts  of  special 
nickel  steel,  Harvey ed  and  other  armour-plates  tested  at  Ports- 
mouth, the  heaviest  being  10  inches  thick. 

A  series  of  small  but  representative  specimens  of  British 
iron  ores  will  be  found  in  the  gallery,  forming  part  of  the 
collection  of  British  minerals  sent  by  the  Home  Office.  The 
iron  ores  of  the  Canadian  Dominion  are  fairly  well  represented 
in  the  collection  of  the  (Jeological  Survey  Department,  and 
there  is  an  interesting  exhibit  of  charcoal  iron,  made  from  bog 
iron  by  the  Canadian  Iron  Furnace  Company.  These  ores  have 
been  worked  since  the  end  of  the  17th  century,  and  produce  a 
metal  specially  suited  for  chilled  cast  railway  wheels.  The 
iron  industry  of  India  is  principally  represented  by  pig  iron 
castings  and  views  of  the  Bengal  Iron  Company's  works  at 
Barrakur ;  but  in  addition  to  this  there  is  a  large  collection  of 
iron  ores  and  products  obtained  by  the  native  smelting  methods. 
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and  hard  steel,  as  well  as  several  of  the  famous  charters  and 
documents  connected  with  the  foundation  of  the  Company^  which 
were  described  in  the  Journal  of  the  Institute  on  the  occasion  of 
the  Swedish  visit  Osterby,  the  oldest  of  the  Dannemora  forges, 
shows  sections  of  the  pi|2f  iron  used  in  the  Walloon  process,  bars 
of  the  double  bullet  brand,  and  cast  steel  made  from  it. 
Walloon  iron  and  its  products  are  also  contained  in  the  Iggesund 
exhibit  and  that  of  Soderfors,  these  works  being  part  proprietors 
of  the  Dmnnemora  mines.  The  Fagersta  collection,  in  addition  to 
samples  of  products,  contains  makes  of  great  general  interest, 
including  studies  of  structures  due  to  hardening  and  converting 
by  Mr.  Brinell,  who  has  succeeded  in  producing  almost  every  kind 
of  fracture  in  steel  bars,  including  alternate  stripes  of  coarse  and 
fine  grain,  by  varying  the  heat  treatment ;  a  method  of  determin- 
ing  the  hardness  of  steel  and  other  metals  by  measuring  the 
diameter  of  the  indent  made  in  a  plate  by  a  hardened  steel  ball 
under  a  definite  pressure ;  studies  of  the  caoses  of  blowholes  in 
iugots>  and  a  method  of  estimating  the  carbon  in  steel  by  the 
angle  of  fraetore  of  the  test-piece  under  the  bending  test. 
Some  chrome  steel  i»  also  shown,  containing  1*35  per  cent. 
chromtum>  made  by  the  direct  addition  of  chromic  iron  ore  to  the 
bath  in  the  open-hearch  furnace,  6  2  cwt.  of  ore  being  suflh^ient 
fi^r  the  char^  of  10  tons  of  steeL 

Mr.  C.  W.  Bildc  of  Stockholm  sends  his  weIl-kiK>wn  automatic 
feeding  arrangement  for  concinuous  and  uniform  supply  and 
distribution  of  the  fuel  iu  gas-producers^ 

Tlie  icon  ore  regions  o^'  Lapland  are  represented  by  a 
geological  map  and  some  special  plans  of  the  mines  of  Gelli- 
vare,  a  model  of  Kiiruuavaara  and  Luossovajxa  c»e  mountains^ 
au<i  specimeus  of  the  ores  and  rocks  from  these  localities,  all  of 
which  have  been  fully  described  in  the  Journal  of  the  Institute. 
't1w  amount  of  ore  exported  for  Lulei  in  1899  from  Gellivare 
wa*  920,997.  This  coilection  is  furdter  illustrated  by  the 
excvlieutj  oil  paintiug  of  Kiironavaara  under  the  risinir  (midniuht) 
im»,  which  wad  a  priucipal  attraction  at  the  Stockholm  Mine- 
ral Kxhibifcion  in  1^97.  The  Sorbuccea  Mineral  Improvement 
Compimv,  owniug  the  maguedic  separating  works  afi  Lnleiy  show 
3amplei^  illuKfiracinj^  their  process  and  the  fertiliser  (Wiborsh 
phoet^hate)  lutide   trom    the  separated   apaldtie^  winch   contains 
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the  ductility  of  the  rail  steel,  a  piece  is  shown  with  one  end 
worked  up  into  a  palm  tree. 

The  Donetz  Forges  and  Steelworks  of  Drouikovka  send  a 
somewhat  similar  collection  to  that  last  mentioned.  This  Com- 
pany dates  from  1891,  and  now  has  two  blast-furnaces,  making 
about  300  tons  a  day,  three  8-ton  acid  Bessemer  converters  worked 
with  liquid  metal  through  a  mixer  of  100  tons,  and  two  20- 
ton  basic  open-hearth  furnaces.  The  rail-mills  are  worked  by  a 
three-cylinder  reversing  engine  of  3000  horse-power,  and  ingots 
of  42  cwts.  are  rolled  up  to  220  feet  in  length,  giving  five  or  six 
finished  rails  and  joists,  12  inches  high,  up  to  170  feet  lengths. 
A  similar  engine  drives  the  heavy  plate  and  sheet  mills,  which 
are  arranged  on  either  side  of  it  and  worked  alternately. 

A  combination  of  great  interest  is  illustrated  by  the  exhibit  of 
the  Ural  Volga  Company,  who  have  lately  established  large  steel- 
works and  rolling-mills  at  Tsaritsin  on  the  Volga,  in  connection 
with  two  groups  of  charcoal  blast-furnaces  at  Lemeza  and 
Aviziano  Petrowski  in  the  Southern  Ural,  the  pig  iron  being 
carried  in  barges  about  900  miles  by  the  Bielaia,  Kama,  and 
Volga  rivers  to  the  steelworks,  where  the  conversion  is  eflfected 
in  basic  open-hearth  furnaces  heated  by  naphtha  residues  (mazut) 
brought  from  Batum,  a  distance  of  700  miles,  by  steamer  on 
the  Caspian  Sea  and  the  Volga.  The  barges  carrying  500  to 
650  tons  of  pig  iron  ore  despatched  from  the  works  in  a 
"  caravan "  during  the  summer  freshet,  when  alone  the 
upper  part  of  the  Bielaia  River  is  navigable.  The  make  of 
the  two  groups  of  furnaces,  which  draw  their  ore  and  fuel 
supplies  from  an  area  of  about  2200  square  miles,  is  about  2800 
tons  per  month.  The  steelworks,  which  at  present  contain  six 
15-ton  open-hearth  furnaces  and  14  plate,  sheet,  bar,  and  rod 
mills,  are  shown  in  a  model  as  completed,  the  parts  not  yet 
erected  being  surrounded  by  a  red  line.  In  this  two  hot-blast 
furnaces  to  be  erected  at  a  future  time  are  shown.  The  ultimate 
capacity  is  intended  to  be  of  about  120,000  tons  of  finished  steel 
per  annum.  The  engines  in  the  rolling-mills,  together  of  about 
16,000  horse-power,  are  worked  in  connection  with  a  Weiss 
central  condenser  placed  in  a  shaft  50  feet  deep,  and  discharging 
the  condensed  water  through  a  walled  gallery  400  feet  long  into 
the  river.     Three  covered  earthen  reservoirs  of  a  total  capacity 
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The  ore  contains  0*8  to  0 '9  per  cent,  phosphorus,  and  when  smelted 
with  hot  blast  (700  degrees  Cent.)  gives  a  metal  which  can  be 
cast  into  pots  0*2  inch  thick  direct  from  the  blast-furnace. 

The  works  of  Tagil  and  Louina  on  the  Demidoff  estates  send 
a  small  but  representative  collection  of  products  from  the  copper 
and  iron  works  centring  at  Nischne  Tagil,  which,  besides  being 
attractive,  has  the  merit  of  being  excellently  catalogued.  The 
works,  which  were  noticed  in  the  Journal  of  the  Institute,  1898, 
No.  L,  produce  about  65,000  tons  of  finished  iron  and  steel 
and  2000  tons  of  copper  per  annum.  There  are  also  large 
platinum  workings  on  the  estate,  producing  about  30  cwt.  of 
crude  platinum  per  annum  from  sands,  and  in  connection  with 
these  the  first  find  of  platinum  in  the  rock  was  made  two  years 
since. 

Another  large  Ural  estate,  the  Lysva  domain  of  Count 
Schouvalofif,  sends,  among  other  products,  some  remarkable 
examples  of  thin  polished  sheet  iron.  The  strong  part  of  this 
exhibit,  however,  is  from  the  platinum  workings,  which  have 
been  greatly  extended  of  late  years,  and  now  supply  about  one- 
third  of  the  whole  annual  produce  of  the  world. 

In  addition  to  the  samples  shown  by  the  different  smelting- 
works,  there  are  good  illustrations  of  iron  ores  from  Bussian 
Poland,  the  Krivoi-Rog  district,  and  the  Ural,  and  of  manganese 
ores  from  the  Caucasus,  in  the  collections  from  the  Department 
of  Mines  and  the  Geological  Survey  department  in  the  gallery. 
Other  important  Russian  exhibits  will  be  found  in  the  Military 
and  Naval  Pavilion,  including  a  collection  of  chains,  tubes,  and 
armour  plates  from  the  Admiralty  works,  Kolpino,  and  the 
steel-testing  laboratory  of  the  Obuchoff  works, 

Belgium. — The  Belgian  Section,  like  that  of  the  Oerman 
Empire,  contains  little  relating  to  the  manufacture  of  iron  and 
steel,  the  principal  representatives  of  these  articles  having  con- 
fined their  exhibits  to  small  specimens  and  tests,  which  are 
collectively  grouped  in  the  gallery.  The  central  feature  on  the 
ground-floor  is  supplied  by  a  pair  of  horizontal  blowing-engines 
for  blast-furnace  use,  exhibited  by  the  Soci^t^  des  Ateliers  de 
Construction  de  la  Meuse.  These  are  of  about  500  horse-power, 
and  two  similar  engines  have  been  supplied  to  the  Toula  blast- 
furnaces in  Russia.     The  Andenne  Clay  and  Firebrick  Company 
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blast-furnace  is,  however,  not  included  in  this  group,  but  is 
placed  with  the  machinery  in  motion.  It  was  described  in  the 
Journal^  1900,  No.  L,  p.  109,  and  develops  700  horse-power 
with  blast-furnace  gas  and  1000  horse-power  with  illuminating  gas. 

United  States  of  America, — In  this  section  the  largest  pro- 
ducing establishments  are  scantily  represented,  the  Carnegie 
Steel  Company  only  sending  a  set  of  blue  prints  of  one  of  their 
large  blast-furnaces,  and  the  Illinois  Steel  Company  a  sectional 
model  of  a  furnace  and  a  collection  of  small-sized  products, 
mostly  tests.  The  most  prominent  position  is  occupied  by  the 
Colorado  Fuel  and  Iron  Company,  whose  works  at  Pueblo, 
Colorado,  smelt  the  magnetic  and  hasmatite  ores  of  Utah  with 
coke  from  New  Mexico  and  other  mountain  States.  It  is  a 
comparatively  new  establishment,  but  has  developed  rapidly, 
and  now  produces  1\  million  tons  of  coal,  950,000  tons  of 
coke,  900,000  tons  of  iron  ore,  and  200,000  tons  of  finished 
steel,  which,  when  the  further  extensions  now  in  progress  are 
completed,  will  be  increased  to  550,000  tons.  The  samples 
exhibited  consist  principally  of  rails  and  fish-plates,  which  are 
accompanied  by  a  large  series  of  maps  and  views  of  the  different 
works  and  mines.  The  American  Tinplate  Company  make  a 
very  full  display  of  tin  and  terne  plates  of  all  kinds,  together 
with  the  boxes  used,  and  statistics  of  the  work  included  in  the 
construction  and  of  the  production. 

The  Crescent  Steel  Company  of  Pittsburg  have  a  remarkably 
fine  exhibit  of  crucible  and  open-hearth  steel,  and,  following  their 
practice  at  Chicago,  they  have  illustrated  the  quality  of  their 
manufacture  by  examples  of  dies,  drills,  and  other  cutting  tools 
made  from  their  steel  borrowed  from  other  manufacturers,  which 
are  shown  with  statements  of  the  work  done  by  each  article. 
The  melting  is  done  in  Siemens  gas-furnaces,  the  largest  of  10 
holes  having  a  capacity  for  60  pots,  meltiug  on  an  average 
100  lbs.  in  a  heat  each,  the  total  output  of  six  heats  in  twenty- 
four  hours  being  18  tons,  which  is  the  largest  yield  obtained  as 
yet  from  a  single  steel  melting  furnace. 

Very  fine  displays  of  wire  are  made  by  the  American  Wire 
Company,  who  also  show  draw-plates  and  dies  of  all  kinds,  and  by 
Messrs.  John  A.  Roebling's  Sons  &  Company,  who  send  full-sized 
pieces  of  the  East  Biver  bridge  cable,  and  a  model  of  the  bridge. 
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which  these  heavy  and  unwieldy  objects  are  arranged  for  railway 
transit 

Mr.  G.  Spater  sends  a  large  collection  of  products  of  the 
magnesite  works  at  Yeitsch,  in  Styria,  including  bricks  of  all 
kinds,  converter  bottoms,  and  a  section  showing  the  construction 
of  a  magnesia  bottom  in  an  open-hearth  furuace,  together  with 
full  descriptive  catalogues  in  several  languages. 

The  cutlery  and  scythe  industry  of  the  Austrian  Alpine 
regions  is  represented  in  collective  exhibits  from  Steyr,  the 
Scythe  and  Sickle  Makers'  Union,  and  other  manufacturers — 
which,  however,  are  somewhat  beyond  the  scope  of  the  present 
paper. 

The  Hungarian  department  is  very  tastefully  arranged,  a  group 
of  miners  at  work  being  placed  on  one  side,  and  another 
of  smelters  tapping  a  blast-furnace  on  the  other.  The  prin- 
cipal exhibitor  on  the  metallurgical  side  is  the  State  works, 
having  eight  different  establishments  in  several  parts  of  the 
country,  the  most  important  those  at  Diosgyor  and  Buda- 
pest in  the  central  districts.  In  these  about  120,000  tons  of 
pig  iron  are  made  annually  in  two  coke  and  six  charcoal  blast- 
furnaces, which  is  converted  into  wrought  iron  castings  and 
steel  bars  and  plate,  as  well  as  machinery,  locomotives,  and 
agricultural  implements.  Next  in  importance  comes  the 
Rimamurany  and  Salgo  Tarjarn  Company,  making  1,000,000 
tons  of  pig  iron,  which  is  nearly  all  converted  into  malleable 
iron  and  steel ;  and  the  Austro-Hungarian  State  Railway 
Com})any  with  five  blast-furnaces,  three  at  Heschitza  and 
two  at  Anina,  three  Bessemer  converters  and  four  Siemens- 
Martin  furnaces,  making  60,000  tons  of  pig  iron,  30,000  tons 
of  steel,  40,000  tons  of  rolled  bars  and  plates,  and  15,000  tons 
of  pottery  castings,  nails,  tools,  and  railway  nutterials.  Messrs. 
Ganz  &  Go.  of  Buda-Pest  are  also  considermble  producers,  but 
their  principal  exhibits  are  in  the  departments  of  machinery 
and  railway  plant  These  and  several  smaller  works  make  con- 
siderable displays  of  other  products,  which,  however,  are  not  of 
a  kind  calling  for  any  special  description.  The  most  prominent 
object  in  this  section  is  a  group  of  the  chains  made  at 
Diosgyor  for  the  Eskutser  Bridge  over  the  Danube  at  Buda- 
pest    The  links  of  this  are,  eye  bars  48  feet  long,  1  inch  thick, 
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a  collection  of  samples  and  views  placed  on  the  basement  floor 
of  the  Bosnian  pavilion  in  the  Eue  des  Nations,  and  they  have 
been  well  described  in  a  Memoir  by  Oberbergrath  Poech,  who 
has  been  intimately  connected  with  their  development,  presented 
to  the  Mining  and  Metallurgical  Congress  in  June  1900. 

Spain  and  Portugal. — The  contributions  from  these  countries, 
which  are  mostly  minerals,  including  iron,  manganese,  and  copper 
ores,  are  placed  in  the  south-west  angle  of  the  gallery,  the  main 
building  adjoining  each  other,  but  in  addition  to  these  there  is 
a  very  fine  collection  of  samples  of  Biscayan  ores,  with  a  map 
and  numerous  views  of  the  mines  exhibited  by  the  Circulo 
Minero  de  Bilbao,  placed  in  the  open  arcade  on  the  garden  side 
adjoining  the  Buda-Pest  bridge  chain.  In  the  gallery  is  a  fine 
relief  model  of  the  Sommorostro  mines  (Franco-Belgian  CJom- 
pany's).  Spanish  iron  metallurgy  is  represented  by  the  Cam- 
pania de  Asturias  of  La  Felguera  in  Leon,  who  send  a  series 
of  pipes,  cast  steel  wheels,  perforated  steel  sheets  for  coal 
screens,  and  a  large  and  highly  ornamental  bronze  bell, 
by  the  Fabrica  de  Mitres  in  the  same  province.  The 
latter  Company  works  a  large  group  of  collieries,  producing 
285,000  tons  of  coal  annually,  and  two  groups  of  blast-furnaces 
and  forges  making  wrought  iron  and  steel  from  local  siliceous 
ores  with  some  admixture  of  softer  minerals  from  Bilbao.  There 
are  also  works  for  the  treatment  of  realgar  (sulphide  of  arsenic), 
containing  a  small  amount  of  mercury,  the  latter  being  recovered 
as  metal  and  the  former  sold  as  refined  orpiment.  A  very  tine 
series  of  the  products  of  these  works,  together  with  illustrations 
of  work  done  by  the  attached  bridge-building  and  engineering 
department,  is  contained  in  a  special  building  in  the  open  court 
on  the  west  side  of  the  Invalides  building,  with  the  bronze  and 
iron  castings  from  La  Felguera,  adjacent  to  it. 

After  a  hearty  vote  of  thanks  to  Professor  Bauerman,  the 
meeting  was  adjourned  till  Wednesday,  19th  September,  when 
the  following  paper  was  read  : — 
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showed  that  metals  could  be  separated  from  their  combinations 
by  combustion  with  aluminium.  Bunsen,  Tissier,  Michel,  Beke- 
toff,  Bose,  and  others,  not  forgetting  our  own  Dr.  Percy,  made 
experiments  which  in  the  aggregate  demonstrated  the  reducibility 
of  metals  from  their  chlorides,  fluorides,  sulphides,  oxides,  and  other 
compounds  by  means  of  aluminium.  These  observations  were 
only  carried  out  on  a  small  scale,  and  were  effected  by  crucibles 
placed  in  a  small  furnace,  the  reactions  being  often  violent  enough 
to  scatter  the  contents  of  the  same.  In  recent  times  Claude 
Yautin  in  London  carried  out  an  important  series  of  experiments, 
wherein  he  showed  that  a  long  series  of  metallic  oxides  were 
reducible  by  aluminium.  In  his  case  also  the  reagents  were 
heated  by  means  of  a  crucible  placed  in  a  coke  furnace.  Again 
Messrs.  Greene  and  Wahl  of  Philadelphia  have  for  some  years 
been  producing  pure  manganese  on  a  commercial  scale  by 
dissolving  manganese  oxide  in  molten  cryolite  and  adding 
metallic  aluminium  thereto.  Some  very  interesting  laboratory 
experiments,  showing  the  possibility  of  producing  pure  iron  by 
reducing  ferrous  oxide  with  aluminium,  were  brought  before  this 
Institute  at  its  Birmingham  Meeting  on  August  21, 1895,  by  one 
of  our  Members  of  Council,  whose  services  to  the  metallurgy  of 
iron  and  steel  have  been  of  the  most  valuable  kind — I  allude  to 
Robert  Abbott  Hadfield ;  and  on  March  15th  in  the  same  year 
our  President,  Sir  William  Boberts-Austen,  gave  a  brilliant 
demonstration  before  the  Royal  Institution  upon  the  ^  Reduction 
of  the  Rarer  Metals  from  their  Oxides,"  on  which  occasion  several 
of  the  rarer  metals  were  produced  in  some  quantity  by  reduction 
with  aluminium  in  a  manner  which  appeared  almost  magicaL 
Among  other  valuable  investigations  since  then  have  been  those 
of  Moissan  in  producing  aluminium  alloys  by  the  addition  of 
metallic  oxides  to  a  bath  of  molten  aluminium;  and  those  of 
Kupelwieser  and  Matignon  in  determining  the  calorific  effect  of 
certain  reductions  with  aluminium;  and  also  the  researches  of 
Helouis  in  reducing  vanadium,  Duboin  and  Gauthier  in  reducing 
boron  and  silicon  ;  and  the  interesting  experiments  of  Francke, 
wherein  he  showed  the  reducibility  of  phosphorus  from  sodium 
phosphate  by  treatment  with  aluminium. 

The  researches  of  Vautin  with  the  oxides  led  Dr.  Goldschmidt 
(io  make  further  experiments,  with  the  object  of  discovering  ^ 
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covered  by  a  thick  coating  of  alumina  slag.  The  light  emitted 
by  the  reaction  is  so  intense  that  the  eyes  require  the  pro- 
tection of  dark  glasses.  On  pouring  off  the  slag,  the  tempera- 
ture of  the  underlying  liquid  iron  can  be  tried  by  pouring 
the  same  on  to  a  mild  steel  plate,  or  along  the  side  of  a 
mild  steel  bar,  when  it  will  be  seen  that  the  hot  iron  cuts 
its  way  through  with  ease.      Pyrometer  experiments  with  the 


Fig.  1.— Block  of  steel,  10  Id.  thick,  placed  on  edge,  and  partially  molten  through 
by  the  action  of  intensely  hot  fluid  reduced  iron. 

Wiborgh  thermophone  have  established  the  temperature  reached 
in  the  operation  at  about  2900**  C.  to  8000**  C,  that  is  to  say, 
1000**  C.  more  than  that  reached  during  the  hottest  period  of 
the  Bessemer  blow.  In  the  case  of  the  reduction  of  chrome 
from  its  oxide  by  this  method,  the  temperature  of  3000**  C.  is 
certainly  reached,  a  temperature  hitherto  obtainable  by  the 
electric  arc  alone. 
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of  the  Goldschmidt  process  as  applied  to  the  production  of 
certain  metals  and  alloys  of  interest  to  the  makers  of  steel 
and  other  material.  In  the  first  place,  I  will  take  the  pro- 
duction of  pure  carbonless  chrome  and  manganese. 

The  oxides  of  chrome  and  manganese  are  reduced  to  the  pure 
carbonless  metals  in  the  following  manner: — The  oxide  of  the 
metal  to  be  reduced  is  well  mixed  with  aluminium.  Some  of 
the  mixture  is  placed  in  a  suitably  lined  crucible  or  tank  and 
combustion  started  in  the  manner  already  described.  In  the 
same  degree  as  the  reaction  proceeds,  further  additions  of  the 
mixture  are  made.  In  consequence  of  the  intense  heat  of  the  re- 
action, there  is  a  separation  out  of  the  pure  metal  in  the  liquid 
state,  a  result  hitherto  obtainable  in  the  case  of  chrome  by  the 
electric  arc  alone,  the  liquid  metal  being  covered  by  a  slag  of 
alumina.  The  reaction  can  be  made  a  continuous  one  by  pro- 
viding two  tap-holes,  one  for  the  metal  and  one  for  the  slag. 
As  the  reaction  is  a  very  quick  one,  it  is  possible  with  only  a 
moderately  sized  crucible  to  oxidise  1  to  2  kilos,  of  aluminium 
per  minute,  and  as  the  products  of  combustioh  are  almost  non- 
gaseous, the  reaction  continues  with  wonderful  smoothness.  It 
is  in  this  way  possible,  with  quite  a  small  floor-space  and  in  a 
very  short  time,  to  produce  a  large  quantity  of  metal.  It  is 
important  to  observe  that  the  metal  can  be  produced  free  from 
aluminium  by  providing  that  a  small  excess  of  oxygen  is  present, 
and  also,  that  as  aluminium  is  free  from  carbon,  the  metals  thus 
produced  also  contain  no  carbon.  This  pure  chrome  is  almost 
incorrodible,  and  possesses  also  very  valuable  electrical  pro- 
perties, but  I  shall  only  more  nearly  explain  its  value  for  the 
steel-melter. 

As  is  well  known,  chrome  is  used  for  alloying  with  steel  in 
the  form  of  a  high  per  cent,  ferrochrome.  These  ferrochromes 
are  distinguished  by  a  high  carbon  content.  This  very  fact 
limits,  in  cases,  the  amount  of  chrome  that  can  be  added,  but  by 
using  a  carbonless  chrome  the  limits  are  accordingly  increased. 
For  some  months  at  Essen  and  at  the  St.  Michel  de  Maurienne 
Works,  Savoy,  such  carbonless  chrome  has  been  made  and  sold 
for  the  production  of  chrome  steel  for  armour  plates  and  armour- 
piercing  projectile& 

The  manufacture  of  carbonless  manganese  is  accomplished  in 
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pieces  to  be  welded.  There  is  then  placed  round  the  part 
to  be  welded,  but  separated  from  it  by  a  fixed  distance,  a  form 
made  of  thin  iron  sheeting,  supported  by  being  packed  round 
with  moulding  sand.  The  aluminium-iron-oxide  combustion  is 
then  effected  in  a  crucible  of  fitting  size,  and  the  contents  of  the 
crucible  poured  into  the  form.  As  soon  as  the  part  to  be  welded 
has  taken  up  sufficient  heat,  the  weld  is  accomplished  by 
pressing  the  two  parts  together  by  means  of  a  suitable  clamping 
arrangement. 


Fio.  3.  —Bail- welding  in  iitu  for  an  electrio  tramway  in  Brunawick,  Biay  1900. 
(From  a  photograph. ) 


It  stands  to  reason  that  inasmuch  as  we  require  different 
degrees  of  heat  for  the  various  purposes  to  which  the  aluminium- 
iron-oxide  reaction  can  be  put,  we  can  regulate  the  mixture  in 
such  a  way  as  to  obtain  a  greater  or  less  heat  from  the  oxidation 
of  the  aluminium.  For  example,  we  do  not  require  the  same 
temperature  in  heating  or  welding  which  we  would  for  the 
reduction  of  the  refractory  metals.  To  this  end  we  can  dilute 
the  iron  oxide  with  sand,  or  magnesia,  or  lime.     For  the  lower 
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slag  is  liquefied,  and  a  regulus  of  metal  formed  beneath.  In 
practice,  however,  it  is  better  to  use  a  high  temperature  reaction, 
taking  for  the  lower  temperature  operations  so  much  less  of  the 
reagents.  Dr.  Goldschmidt  has  found  that  two  aluminium- 
iron-oxide  mixtures  serve  for  most  purposes,  and  at  the  works 
of  the  Ghemische  Thermo-Industrie  in  Essen  the  manufacture 
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of  Uiese  on  a  large  scale  has  been  for  some  time  in  progress. 
To  these  mixtures  the  name  Thermit  has  been  given,  the  one 
used  for  welding  is  called  Tliermit  P^  and  that  used  for  the 
production  of  a  pur^  iron  or  steel  at  the  highest  temperatures  is 
called  Thermit  R,  and  the  composiuon  of  these  mixtures  has 
been  patented. 

Careful  ex|>eriments  ha\^  l^>een  made  with  a  view  to  deter- 
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prevents  this.  At  the  end  of  the  reaction  in  the  crucible  there 
are  two  fluid  layers,  below  the  fluid  iron  and  above  the  light 
fluid  alumina.  On  emptying  the  crucible,  the  slag  pours  oflF 
tirst,  and  congeals  in  a  thin  layer  on  the  cold  surfaces  of  the 
sheet  iron  form  and  the  material  to  be  welded ;  the  remainder 
of  the  slag  and  the  whole  of  the  iron  poured  out  remain  for 
some  time  fluid  between  the  congealed  linings  of  slag,  which 
thus  protect  the  form  and  weld  from  fusion.  Two  welding  pro- 
cesses accomplished  by  this  method  I  shall  now  proceed  to 
describe  more  particularly.  In  the  first  place,  I  shall  note  the 
welding  together  of  rails  for  electric,  tram,  and  small  railways. 
Figs.  2  and  3  will  give  you  a  close  idea  of  the  arrangement  for 
welding  in  the  case  of  heavy-section  tram  rails. 

The  rails  which  Mr.  Cooper  and  myself  saw  welded  were 
7-inch  girder  rails.  A  good  joint  having  been  made  between 
the  two  ends,  strong  clamps  were  then  secured  to  the  rails,  some 
9  or  10  inches  from  the  joint,  and  connected  with  each  other 
by  means  of  a  strong  bolt  on  each  side  of  the  raiL  The  sheet  iron 
form  was  then  brought  round  the  part  to  be  welded,  and  backed 
round  with  fireclay.  The  reaction  was  then  started  in  a  crucible 
capable  of  taking  15  kilos,  of  the  aluminium-iron-oxide  mixture 
(thermit  P),  and  at  the  end  of  the  reaction,  which  lasted  about  a 
couple  of  minutes,  the  contents  of  the  crucible  were  poured  into 
the  sheet  iron  form  surrounding  the  joint,  care  being  taken  that 
the  slag  made  first  contact  with  the  cold  surfaces.  After  wait- 
ing another  couple  of  minutes,  the  rail  ends  were  judged  to  be 
sufficiently  heated,  and  a  few  turns  of  the  nuts  on  the  tension- 
bolts  were  given  equally  and  simultaneously,  and  the  weld 
effected.  An  important  feature  about  this  welding  process  is 
that  the  layer  of  slag  or  corundum  which  first  forms  round  the 
part  to  be  welded  also  protects  the  joint  from  oxidation.  After  the 
welding,  the  solidified  mass  can  be  knocked  away  by  a  few  light 
blows  bom  a  hammer ;  but,  as  a  rule,  it  is  better  to  allow  it  to 
remain  on  for  some  time,  so  as  to  allow  of  a  more  gradual  cool- 
ing of  the  rail-joint.  On  knocking  away  the  mass,  it  was  seen 
that  the  sheet  iron  form  was  so  little  damaged  that  it  could  be 
used  over  and  over  again. 

With  regard  to  the  comparative  cost  of  the  joint  as  compared 
with  a  fish-plate  joint.  Dr.  Goldschmidt  has  got  out  some  figures 
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against  that  of  welding  by  electricity,  it  is  hard  to  find  common 
ground  for  a  comparison,  as  the  number  of  cases  where  electricity 
is  sufficiently  available  and  its  use  expedient  is  necessarily  limited, 
and  as  far  as  I  know,  no  comparison  has  been  attempted.  It  is  to 
be  remarked  that  the  fish-plate  joint  and  copper  strip  connection 
has  hitherto  formed  the  standard  practice  for  electric  railways  in 
all  countries. 


Fio.  10. — Shows  welded  tubes  bant  in  the  direction  of  their 
length  by  being  hammered  flat  whilst  the  welded  portion 
remains  intaot. 


In  order  to  give  you  a  clearer  idea  than  any  words  of  mine 
can  convey  as  to  the  speed  and  ease  with  which  the  rail-welding, 
as  witnessed  by  Mr.  Cooper  and  myself,  was  accomplished,  I  have 
prevailed  upon  Dr.  Goldschmidt  to  kindly  demonstrate  the  same 
to  you  at  the  conclusion  of  this  paper  by  welding  together  before 
you  in  this  room,  without  risk  or  danger  of  any  kind,  two  short 
lengths  of  heavy  girder  rails. 
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gatioD,  and  a  test  of  the  unwelded  material  gave  a  breaking 
load  of  22-73  tons  per  square  inch  with  15  per  cent,  elongation. 

Figs.  10  and  11,  taken  from  photographs,  show  further  tube 
tests,  showing  the  welded  part  intact  after  a  flat  hammering 
which  has  caused  the  rest  of  the  tube  to  crack,  and  a  welded 
tube  bent  round  the  weld  without  harm  to  the  same. 

In  the  new  works  of  the  Chemische  Thermo- Industrie  in 
Essen,  the  steam  service  pipes  are  all  welded  together  on  this 
system,  and  we  were  informed  that  this  had  proved  a  consider- 


Fio.  12.— Repairing  of  a  defective  steel  casting,  showing 
piece  cast  on 


ably  cheaper  method  of  joining  the  pipes  than  the  use  of 
flanges  and  bolts. 

Repairs  were  easily  eflected  by  cutting  out  the  defective 
portion  of  the  steel  or  iron  tube  and  welding  a  new  piece  in 
position.  In  the  same  way  junction  and  expansion  tubes 
could  be  introduced  where  necessary.  It  would  thus  seem  that 
the  process  should  prove  of  considerable  utility  in  the  construc- 
tion of  many  kinds  of  tube  installations  where,  from  one  reason 
or  another,  the  flanged  joint  is  not  perfectly  reliable  or  con- 
venient 

As  before  explained,  the  weld  is  protected  from  any  destruc- 
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plate  which  has  been  thickened  up  to  2^  inches  by  this  method. 
Figs.  12  and  13,  which  are  taken  from  photographs,  show,  in  the 
first  place,  a  steel  cylinder  with  a  defective  place  on  the  flange 
which  has  been  filled  up  with  the  steel  produced  by  thermit  R, 
and  secondly,  a  spur-wheel  with  broken  teeth,  showing  the  rough 
portion  re-cast  from  thermit  in  the  one  case,  and  the  machined 
portion  in  the  other. 

I  regret  that  I  have  not  yet  been  able  to  complete  certain 
investigations  I  have  entered  upon  to  determine  the  mechanical 
and    other   properties   of    this    alumino-genetic   iron.       Micro- 


Fio.  IS. — Spin-wheel  with  broken  teeth,  showing  machined  and  un- 
machined  cast  on  new  portions. 


structure  investigations  would  doubtless  prove  interesting  as 
well,  but  I  hope  to  be  able  to  include  some  of  them  later 
on  in  the  Proceedings  of  the  Institute.  I  hope,  however, 
that  this  account  of  the  heat-producing  properties  of  thermit, 
and  the  uses  to  which  it  can  be  put,  will  induce  some  of 
you  to  take  up  some  of  these  interesting  experiments  for 
yourselves.  I  think  it  will  be  clear  from  what  I  have  related, 
that  two  new  uses  for  aluminium  have  been  called  into  existence 
for  the  benefit  of  industry,  both  of  which  rest  upon  the,  as  yet, 
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DISCUSSION. 

The  President  stated  that  the  experiments  showed  how 
wonderfully  quickly  the  whole  aluminium-iron-oxide  reaction 
proceeded. 

The  President  then  invited  discussion. 

Mr.  J.  E.  Stead,  Member  of  Council,  asked  if  the  metals 
produced  by  reducing  the  oxides  were  free  from  aluminium  ? 
He  thought  this  process  was  admirably  adapted  for  making 
quantities  of  alloys  such  as  any  chemist  might  wish  to  experi- 
ment upon,  but  it  was  very  important  that  the  alloys  should  be 
absolutely  free  from  the  aluminium. 

Sir  LowTHiAN  Bell,  Bart.,  Past-President,  thought  this  process 
might  have  another  valuable  application  to  those  already  men- 
tioned by  Mr.  Lange.  The  Electric  Department  of  the  Post- 
Office  was,  and  he  had  no  doubt  still  was,  most  desirous  to 
obtain  iron  absolutely  free  from  carbon.  The  smallest  trace 
of  carbon  was  enough  to  convert  the  iron  they  used  into  a 
permanent  magnet  which  interfered  with  its  sensibility  in  trans- 
mitting messages,  causing  considerable  waste  of  time ;  and  it  was 
possible  that  the  iron  free  from  carbon  might  fulfil  the  condi- 
tions that  Sir  William  Preece  was  labouring  after,  and  unsuccess- 
fully, for  some  time. 

Mr.  Edward  Riley  said  the  steel  made  now  was  practically 
free  from  carbon.  The  North-Eastern  Steel  Works  made  the 
rail  for  the  Central  Eailway  in  London,  and  the  guaranteed 
condition  was  that  the  conductivity  was  to  be  equal  to  one- 
seventh  that  of  copper,  and  they  succeeded  in  making  a  steel 
equal  to  that  practically  free  from  carbon.  He  should  like  to 
ask  Mr.  Lange  about  the  peculiar  smell  caused  by  the  experi- 
ment in  the  room.  At  first  it  seemed  like  an  arsenic,  but  it 
might  be  hydrocarbon.  They  might  possibly  remember  that 
many  years  ago  the  late  Mr.  Bobert  Mushet  laid  very  great 
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In  the  case  of  the  uranium,  he  forgot  whether  they  could  reduce 
the  oxide.  At  any  rate,  he  had  failed  to  get  coherent  matter, 
and  he  had  also  failed  with  titanium,  mainly  because  it  had  such 
an  attraction  for  nitrogen,  that  unless  exceeding  care  were 
taken,  it  combined  with  the  nitrogen  of  the  air.  The  experi- 
ments were  of  the  greatest  possible  interest,  and  no  one  was 
more  sorry  than  he  was  that  they  could  not  be  carried  out  in 
that  room  with  safety  under  the  present  conditions. 

Mr.  Lange,  in  reply,  said  that  they  could  see  samples  in  the 
Exhibition  of  most  of  the  metals  which  had  been  reduced  by  this 
process,  as  had  been  stated  by  Mr.  Snelus.  The  exhibit  that  Mr. 
Snelus  had  referred  to  was  that  of  Dr.  Goldschmidt's,  and  there- 
fore, as  a  continuation  of  all  that  they  ought  to  have  seen  in  that 
room,  it  would  be  found  very  interesting.  In  that  exhibit  they 
would  find  the  results  of  a  large  number  of  experiments,  includ- 
ing some  similar  to  what  they  had  hoped  to  show  to-day.  There 
they  would  see  welded  tubes,  welded  girder  rails,  and  the  thicken- 
ing up  of  plates  by  the  pouring  on  of  reduced  metal,  and  test- 
pieces  and  broken  tubes  showing  the  strength  of  the  material, 
and  also  pure  manganese  and  chrome  in  large  masses,  and  also 
samples  of  almost  all  of  the  metals  which  had  been  reduced  by 
this  process.  The  question  asked  by  Mr.  Siley  in  respect  of  the 
titanium  had  been  answered  by  Mr.  Snelus.  With  regard  to  the 
smell  in  the  room,  which  Mr.  Biley  asked  about,  he  had  noticed 
the  same  thing  himself  in  experiments  with  this  mixture,  and  he 
felt  sure  that  this  curious  smell  was  due  to  some  hydrocarbon,  or 
even  a  sulphur  compound ;  but  what  it  was  he  did  not  know. 
With  regard  to  the  process,  it  was  yet  very  new,  and  they  had  to 
further  investigate  the  process  both  chemically  and  mechanically, 
and  experiments  of  great  interest  were  still  going  on.  Mr. 
Foster  had  asked  whether  fine  aluminium  and  aluminium  turn- 
ings mixed  would  do  instead  of  having  all  the  aluminium  in  a 
fine  state  of  division.  Well,  he  did  not  think  that  the  aluminium 
turnings  would  do,  because  it  was  perfectly  essential  that  the 
heat  should  be  developed  in  the  shortest  possible  time,  otherwise 
they  would  not  get  the  temperature,  and  they  must  have  the 
most  exact  mixture  of  oxide  and  aluminium,  and  therefore  botii 
had  to  be  in  a  fine  state  of  division.     He  might  refer  to  one  ex- 
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daced  on  a  large  scale  by  the  basic  open-hearth  process,  and  very 
cheaply,  whilst  with  the  process  under  review  no  purer  iron 
could  be  produced  on  a  commercial  scale,  pwing  to  the  difficulty 
in  finding  sufficiently  pure  iron  oxide  and  also  crucible  lining 
material,  having  regard  to  the  intense  reducing  power  of 
aluminium.  In  Mr.  Hadfield's  Birmingham  paper,  alluded  to 
in  the  opening  of  my  paper,  there  are  described  certain  laboratory 
experiments  which  had  as  their  object  the  production  of  pure 
iron  by  reducing  specially  prepared  pure  oxide  and  oxalate  of 
iron  with  aluminium.  An  iron  of  between  97*50  per  cent,  and 
97*75  per  cent,  purity  was  obtained  at  a  cost  of  about  Is.  6d.  per 
pound.  This  percentage  of  purity  attracted  the  attention  of  Dr. 
H.  Wedding  of  Berlin,  who  wrote  to  draw  attention  to  the  fact 
that  this  iron  was  not  so  extraordinarily  pure,  considering  that 
the  iron  used  by  the  Iron  Alloys  Committee  of  one  of  the  German 
societies  for  the  preparation  of  nickel  iron  alloys  had  been  made 
in  quantity  in  an  ordinary  basic  open-hearth  furnace  by  F. 
Krupp  at  Essen,  and  was  of  99-71  per  cent,  purity.  It  would 
appear,  therefore,  that  the  basic  open-hearth  furnace,  melting 
pure  materials,  would  always  be  a  cheaper  producer  of  pure  iron 
than  any  reduction  process  by  aluminium. 

The  President  said  they  would  all  give  a  hearty  vote  of 
thanks  to  the  author  of  this  very  valuable  paper.  There  was  one 
very  interesting  feature  of  the  reaction,  as  was  mentioned  by  Mr. 
Lange,  viz.,  the  absence  of  non-gaseous  products,  and  the  oxides 
produced  as  slags  had  many  remarkable  characteristics. 

The  following  paper  was  then  read : — 
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and  steel,  for  among  the  twenty-two  problems  which  were 
presented  by  the  parent  Association,  problem  No.  1  asked  the 
American  Section  to  co-operate  in  establishing  "international 
rules  and  specifications  for  testing  and  inspecting  iron  and 
steel." 

Under  authorisation  of  the  Executive  Committee,  the 
American  Branch  of  Committee  No.  1  was  increased  to  thirty- 
four  members,  half  of  whom  were  engineers,  professors  in 
technical  schools,  consumers  of  steel,  or  delegates  from  scientific 
societies,  and  half  representatives  from  the  leading  American 
manufacturers  of  the  various  kinds  of  iron  and  steel. 

This  Committee  has  held  frequent  meetings  since  March  9, 
1899.  Its  sub-committees  have  collected  and  tabulated  the 
requirements  of  existing  American  specifications  which  have 
been  used  as  a  basis  in  framing  the  ten  proposed  American 
standard  specifications,  which  were  discussed,  revised,  and  finally 
endorsed  as  representative  of  the  best  American  practice,  by 
letter  ballot,  practically  all  members  voting  in  favour  of  the 
specifications.  Having  had  the  benefit  of  criticism  from  leading 
technical  societies  and  journals  during  the  summer,  they  will 
be  brought  before  the  International  Association  for  Testing 
Materials  at  its  third  annual  meeting  next  October,  for  dis- 
cussion and  adoption,  perhaps  after  some  revision,  as  American 
Standard  Specifications.  They  will  then  be  forwarded  to  the 
chairman  of  the  International  Committee  No.  1  of  the  Inter- 
national Association  for  Testing  Materials,  with  the  tables  of 
existing  specifications  on  which  they  were  based. 

If  each  national  branch  of  Committee  No.  1  proceeds  on 
these  lines,  international  specifications,  at  the  next  Congress  of 
the  International  Association  for  Testing  Materials,  may  be 
realised,  but  even  if  this  is  found  impossible,  much  will  have 
been  accomplished,  in  each  country,  by  the  adoption  of  national 
standards. 

As  these  specifications  embody  the  results  of  over  a  year's 
conscientious  work  by  a  Committee  of  prominent  Americans, 
representing  all  interests,  the  writer  was  asked  to  prepare  for 
this  meeting  of  the  Institute  a  critical  review  of  the  require- 
ments contained  therein.  A  comparison  of  the  nine  specifications 
for  steel. may  be  most  conveniently  accomplished  by  using  the 
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following  clause  from  the  specification  for  steel  rails  constitutes 
the  exception  above  referred  to : — 

^'The  entire  process  of  manufacture  and  testing  shall  be  in 
accordance  with  the  best  current  practice,  special  care  being 
given  to  the  following  instructions : — Ingots  shall  be  kept  in  a 
vertical  position  in  pit-heating  furnaces ;  no  bled  ingots  shall  be 
used ;  sufficient  material  shall  be  discarded  from  the  top  of  the 
ingot  to  insure  sound  rails." 

As  far  as  American  practice  is  concerned  this  clause  is  un- 
necessary, as  the  details  of  the  process  specified  are  carried  out 
in  the  everyday  practice  of  every  rail-mill  in  the  United  States. 

If  an  engineer  prefers  acid  rather  than  basic  open-hearth  steel, 
it  ia  perfectly  proper  for  him  to  so  specify.  Of  course,  he  restricts 
competition  and  increases  the  cost  of  his  structure.  If  he  desires 
the  finished  material  annealed,  it  is  also  proper  for  him  to  so 
define  the  process  of  annealing,  that  it  shall  not  include  a  slow 
cooling  from  the  initial  temperature  of  casting  or  rolling  or 
forging.  It  is,  however,  plainly  outside  of  the  territory  over 
which  he  has  jurisdiction  for  him  to  specify  the  composition  or 
character  of  the  raw  materials,  or  the  proportion  of  scrap  which 
may  be  used,  or  any  other  details  of  manufacture.  Furthermore, 
conscientious  inspection,  under  specifications  governing  the  details 
of  nearly  every  step  in  the  manufacture,  is  utterly  impossible 
within  the  cost  of  inspection  allowed  by  the  engineer  or  con- 
tractor. The  requirements  of  a  specification  governing  the 
details  of  the  process  of  manufacture  are  therefore  often  openly 
ignored  by  both  manufacturer  and  inspector. 

2.  Annealing. — Reference  to  this  important  process  for  the 
removal  of  the  internal  strains  unavoidably  present  in  such 
finished  material  as  steel  castings,  steel  forgings,  eye-bars,  and 
plates  has  been  to  a  large  extent  omitted  in  the  steel  specifica- 
tions under  discussion,  so  as  to  leave  the  customer  free  to  add  it 
to  the  requirements  called  for,  if  he  desires  a  better  material  and 
is  willing  to  pay  the  additional  cost ;  or  free  to  definitely  specify 
that  his  material  shall  not  be  annealed,  in  case  he  fears,  as  is 
unjustly  claimed  by  some  engineers,  that  the  annealing  process 
will  be  used  by  the  manufacturer  to  bring  an  inferior  material 
within  the  physical  requirements  specified.  As  before  stated,  it 
is  perfectly  proper  for  the  engineer  to  specify  that  slow  cooling 
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safe  index  of  ductility.  In  the  present  state  of  the  art  it  is 
a  safe  check,  where  only  minimum  tensile  strength  is  required, 
against  the  use  of  a  steel  too  high  in  carbon  or  other  hardening 
elements  for  the  purpose  intended.  The  ease  with  which  the 
determination  can  be  made  on  rolled  material  makes  it  valuable 
and  desirable  in  the  commercial  testing  of  large  output,  where 
rapidity  as  well  as  accuracy  of  testing  is  demanded. 

8.  Contraction  of  Area. — The  percentage  of  contraction  of 
area  is  included  in  the  requirements  for  castings,  axles,  and 
forgings  where  the  tensile  strength  is  determined  on  a  turned 
test  specimen.  It  was  omitted  from  the  specification  for  tires, 
where  a  turned  specimen  is  also  used,  because  it  was  considered 
an  unnecessary  requirement  in  testing  the  high  carbon  steel  used 
in  this  case,  as  the  tires  are  very  seldom  annealed. 

The  value  of  this  determination  as  an  index  of  the  quality  of 
steel  is  fully  appreciated  by  those  who  have  made  a  comparative' 
study  of  microscopical  structure,  and  the  accompanying  physical 
properties  as  determined  on  turned  specimens.  The  uniformly 
fine-grained  micro-structure,  only  attained  when  a  proper  heat 
treatment  has  given  to  the  steel  the  best  physical  qualities,  is 
invariably  accompanied  by  the  highest  percentage  of  contraction 
of  area  obtainable  with  any  given  class  of  steel. 

9.  Bending  Tests. — No  bending  test  is  included  in  the  specifi- 
cations for  axles,  tires,  and  rails.  The  bending  tests  required  in 
the  other  six  steel  specifications  are  compai*ed  in  Table  III., 
where  the  letter  "  T  "  denotes  the  thickness  of  the  bending  test 
specimen,  and  the  letter  "  D  "  the  diameter  of  the  piece  around 
which  it  is  bent.  For  open-hearth  boiler  plate  and  rivet  steel 
the  bending  tests  given  in  the  table  are  required  after  the  speci- 
men has  been  quenched  as  well  as  in  the  natural  condition.  In 
all  other  cases  the  cold  bending  tests  given  in  the  table  are  to 
be  made  on  untreated  bending  specimens  cut  from  the  finished 
material. 

The  cold-bending  test  is  a  valuable  indication  of  the  struc- 
ture of  the  metal,  and  in  this  respect  bears  a  dose  relation  to  the 
contraction  of  area.  The  two  are  indications  of  the  same  quality 
in  the  steel,  namely,  its  capacity  for  cold  flow.  A  steel  having  a 
high  contraction  of  area  will  always  stand  severe  cold  bending, 
and,  conversely,  a  steel  capable  of  severe  cold  bending   will 
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sample  taken  from  a  broken  tensile  specimen  shall  not  show  any 
single  defective  flaw  or  slag  streak  more  than  a  quarter  inch 
long  in  any  of  the  three  fractures  obtained  by  carrying  out  the 
test  as  described  in  paragraph  24. 

12.  Percussive  Test. — This  test  is  only  specified  for  large  steel 
castings.  It  consists  in  suspending  and  hammering  the  casting 
at  numerous  places.  The  test  is  made  to  locate  any  cracks, 
flaws,  defects,  or  weakness  in  the  casting. 

E.  The  Tkst-Pieces  and  Methods  of  Testing  Specified. 

18.  Tensile  Specimens. — The  standard  turned  test  specimen, 
half  an  inch  diameter  and  2-inch  gauged  length  (see  Fig.  1)  is 
prescribed  in  the  specifications  for  steel  castings,  axles,  forgings, 
and  tires. 


Fio.  L 


Much  may  be  said  in  favour  of  the  general  adoption  of  this 
test  specimen  of  a  gauged  length  of  four  diameters  for  the  com* 
mercial  testing  of  these  four  classes  of  steel  With  axles  and 
all  steel  forgings  a  much  shorter  prolongation  of  the  forging  is 
required  for  a  longitudinal  specimen  of  the  above  length  than 
for  a  test  specimen  of  8-inch  gauged  length.  The  shorter 
specimen  therefore  requires  the  manufacturer  to  consign  much 
less  good  metal  to  scrap,  an  item  of  considerable  importance  to 
the  customer  in  the  case  of  forgings  of  laige  diameters. 

Furthermore,  less  time  and  labour  is  expended  in  cutting  out 
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all  cases  where  possible  two  opposite  sides  of  the  test  spedmen 
shall  be  the  rolled  surfaces.  The  three  speqficstioDS  fintiier 
provide  that  rivet  rounds  and  small  rolled  bars  shall  be  tested 
of  full  size  as  rolled.  In  the  specification  for  splice  bars  it  is 
not  specified  whether  the  test  specimen  shall  be  planed  parsllel 
or  of  the  shape  shown  in  Fig.  2.  Owing  to  the  shape  of  the 
section  of  splice  bare  the  parallel  spedmen  can  be  more  readfly 
obtained.  In  aU  these  necessair  variatioiis  from  the  shape  d 
specimen  shown  in  Fig.  S.  however,  the  same  ganged  length  of 
3  inches  is  required. 
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material  which  is  to  be  annealed  or  otherwise  treated  before  use, 
a  full-sized  section  of  tensile  test  specimen  length  shall  be 
similarly  treated  before  cutting  the  tensile  test  specimen  there- 
from. 

17.  Methods  for  Tensile  Teds, — None  of  the  specifications 
prescribe  the  methods  to  be  used  for  the  determination  of  tensile 
strength,  elongation,  or  contraction  of  area.  All  of  the  specifica- 
tions in  which  the  yield  point  is  included  in  the  prescribed 
physical  properties  state  that  the  yield  point  shall  be  determined 
by  the  careful  observation  of  the  drop  of  the  beam  or  halt  in 
the  gauge  of  the  testing  machine.  In  the  specification  for  steel 
forgings,  where  elastic  limit  is  required  in  some  cases,  it  is  pro- 
vided that  the  elastic  limit  specified  shall  be  determined  by 
means  of  an  extensometer,  which  is  to  be  attached  to  the  test 
specimen  in  such  manner  as  to  show  the  change  in  rate  of  ex- 
tension under  uniform  rate  of  loading,  and  will  be  taken  at  that 
point  where  the  proportionality  changes. 

18.  Ted  J^^ecimens  for  Bending. — As  stated  in  paragraph 
9,  no  bending  test  is  included  in  the  specifications  for  axles, 
tires>  and  rails.  It  was  considered  unnecessary  to  specify  the 
length  of  the  bending  specimen  in  any  case.  For  castings  and 
foigings,  a  specim^i  one  indi  wide  by  half  an  inch  thick  is 
specified.  With  strucUiral  steel  for  buildings  and  for  bridges 
and  ships,  and  with  open-hearth  plate  and  rivet  steel,  it  is 
specified  that  the  bending  specimen  shall  be  1^  inches  wide 
if  possible;  and  further,  that  with  material  three-quarters  of 
an  inch  and  less  in  thickness  the  specim^i  shall  have  the 
natural  rolled  surface  on  two  oj^osite  sides,  whereas  in  case 
of  material  more  than  three-quarters  of  an  mctt  in  thickness 
the  specimen  may  be  half  an  inch  thick.  Bach  of  these 
three  specifications  state  that  bending  tests  on  rivet  rounds 
<^aU  be  made  on  full-sized  specimens,  as  rolled.  With  splice 
bars  no  particular  size  is  specified  when  the  spedm^i  is  cut 
from  the  head  of  the  splice  bar.  If  prefierred,  the  bending 
test  may  be  made  on  an  unpunched  splioe  bar,  which,  if  neces- 
sary, shall  be  flattened  before  testing. 

19.  Njfmher  of  Jfkn^in^  Test  Spe^mens, — ^The  qmafications 
for  structural  steel  for  building  and  for  bridges  and  ships  and 
for  splioe  bars  specify  that  one  bending  test  i^ieobnen  diall  be 
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23.  Methods  for  Drop  Tests. — The  drop  tests  required  for  axles, 
tires,  rails,  and  castings  are  noted  in  paragraph  10.  In  each 
case  a  sample  of  the  finished  material  ready  for  shipment  is 
subjected  to  the  test;  in  the  case  of  rails  it  is  specified  that 
the  piece  tested  shall  not  be  more  than  6  feet  long.  In 
testing  axles  and  tires  one  is  selected  from  each  melt.  In  test- 
ing rails,  a  piece  of  rail  is  selected  from  every  fifth  blow,  with 
provision  for  testing  intermediate  blows  in  case  three  rails  from 
the  tested  blow  fail.  In  steel  castings  where  the  drop  test  or 
test  to  destruction,  as  it  is  called,  is  substituted  for  the  tensile 
test,  three  castings  from  a  lot  are  tested,  the  lot  consisting  of  all 
the  castings  from  the  same  melt  or  blow  annealed  in  the  same 
furnace  charge. 

Tires  are  placed  vertically  under  the  drop  in  a  running 
position  on  a  solid  foundation  of  at  least  ten  gross  tons  in 
weight  and  subjected  to  successive  blows  from  a  tup  weighing 
2240  pounds,  falling  from  increasing  heights  until  the  required 
deflection  is  obtained.  Bails  are  placed  head  upwards  on  solid 
supports  three  feet  apart  It  is  specified  that  the  anvil  block 
shall  weigh  at  least  20,000  pounds,  and  that  the  supports  shall 
be  a  part  of,  or  firmly  secured  to,  the  anvil.  Also  that  the  tup 
shall  weigh  2000  pounds,  and  that  its  striking  face  shall  have 
a  radius  of  not  more  than  5  inches.  The  machines  in  use  in 
America  vary  somewhat  in  other  non-essential  details. 

Axles  are  placed  on  supports  3  feet  apart  in  such  a  position 
that  the  tup  will  strike  the  axle  midway  between  the  ends. 
The  anvil  must  weigh  17,500  pounds  and  the  tup  1640  pounds ; 
the  radius  of  supports  and  of  the  striking  face  of  the  tup  in 
the  direction  of  the  axis  of  the  axle  must  be  5  inches.  The 
anvil  is  supported  on  twelve  helical  springs,  which  rest  on  a 
cast  iron  base  resting  in  turn  upon  a  solid  foundation.  The 
anvil  must  be  free  to  move  in  a  vertical  direction.  Each  of  the 
twelve  springs  has  an  outside  diameter  of  8  inches,  and  consists 
of  five  coils  of  a  rod  1~A  inch  diameter  and  seven  coils  of  a  rod 
\^  inch  diameter.  The  free  height  of  the  spring  is  l—J^  inch,  and 
height  under  a  load  of  6650  pounds,  7  inches.  This  axle-testing 
machine  is  in  general  use  in  America  for  testing  axles,  and  is 
recommended  by  the  Master  Car  Builders'  Association  of  the 
United  States.     The  specification  for  axles  gives  full  details  of 
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a  check  on  the  analysis  of  the  small  test  ingot  may  be  made 
from  drillings  from  the  tensile  specimen  from  each  plate  as 
rolled ;  and  for  other  material,  from  drillings  from  one  tensile 
specimen  from  each  melt. 

In  the  case  of  steel  rails,  splice  bars,  and  the  structural  steel 
for  buildings,  bridges,  and  ships,  it  is  proper  to  limit  the 
analyses  to  drillings  from  the  test  ingot  taken  when  pouring 
the  heat,  for  a  representative  average  sample  of  each  melt  or 
blow  cannot  in  these  cases  be  taken  in  any  other  way.  No  one 
who  has  studied  the  unavoidable  variations  in  chemical  compo- 
sition of  the  different  parts  of  a  section  of  a  rail — for  instance, 
the  bottom  of  the  flange,  the  top  of  the  head,  and  the  centre  of 
the  head — will  claim  that  the  analysis  of  drillings  from  a  rail 
is  representative  of  the  heat  from  which  the  rail  was  rolled. 
Furthermore,  even  with  a  proper  percentage  of  discard,  there  is 
a  variation  in  chemical  composition  between  the  rail  from  the 
top  and  from  the  bottom  of  the  same  ingot.  These  same  state- 
ments are  true  of  splice  bars  and  of  the  structural  steels. 

Even  with  the  test  ingot  it  is  necessary  to  exercise  care  to 
avoid  segregation  and  obtain  a  representative  average  sample. 
Whenever  the  steel  shows  a  decided  tendency  to  rise  in  the 
small  test  ingot  moulds,  it  is  advisable  to  quiet  it  by  adding  a 
very  minute  quantity  of  pure  metallic  aluminium,  for  otherwise 
drillings  taken  for  carbon  determination  in  the  vicinity  of  the 
blowholes  will  give  misleading  results.  It  is  also  advisable  to 
roll  or  hammer  the  test  ingot  into  a  bar,  and  drill  a  hole  through 
the  bar,  rather  than  to  obtain  the  drillings  for  analysis  from  the 
test  ingot  itself.  With  these  precautions  the  test  ingot  may  be 
relied  on  to  furnish  a  representative  average  sample  of  the  melt 
or  blow  of  steel. 

27.  Methods  for  Chemical  Analysis. — All  suggestions  as  to 
methods  for  chemical  analysis  have  been  purposely  omitted  from 
the  specifications  under  discussion.  Entire  uniformity  in  the 
details  of  the  various  analytical  methods  used  in  steelworks 
laboratories  will  probably  never  be  realised,  nor  is  it  a  necessity 
in  obtaining  accurate  chemical  analyses.* 

*  The  reader  is  referred  to  the  excellent  paper  by  the  Baron  Hanoi  Jttptoer  Ton 
Jonstorff  entitled  **The  Introduction  of  Standard  Methodi  of  AnalyiiB/'  Journal  (^ 
the  Iron  and  SUel  InatUuUy  No.  I.,  1S96,  pp.  80-138. 
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for  the  reputable  manufacturer.  A  review  under  this  heading  of 
the  nine  steel  specifications  shows  that,  in  all  cases  but  castings 
and  forgings,  every  finished  piece  must  be  marked,  except  that 
small  pieces  may  be  shipped  in  bundles  securely  wired  together, 
with  the  melt  or  blow  number  on  a  metal  tag  attached.  In  the 
case  of  rails,  besides  stamping  the  blow  number  of  each  rail,  the 
name  of  maker,  the  month  and  year  of  manufacture,  must  be 
rolled  in  raised  letters  on  the  side  of  the  web  of  each  rail.  In 
splice  bars  the  name  of  maker  and  the  year  of  manufacture  most 
be  rolled  in  raised  letters  on  each  side  of  the  splice  bar.  In 
axles,  besides  the  melt  number  the  initials  of  the  maker  must  be 
stamped  on  each  axle ;  and  in  tires  the  maker's  brand  and  num- 
ber must  be  stamped  on  each  finished  tire. 

I.  Inspection. 

31.  Each  specification  makes  ample  provision  to  insure  the 
inspector  all  facilities  necessary  for  a  thorough  inspection  of  the 
material. 
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making  it  more  brittle,  and  consequently  wearing  more  rapidly. 
In  regard  to  testing  material,  they  found  in  a  large  number 
of  places  where  material  was  used  that  they  had  alternate 
transverse  strains.  The  axle,  for  example,  was  subjected  to 
alternate  transverse  strains  every  time  that  it  revolved.  They 
were  finding  out  that  certain  kinds  of  steel  did  not  stand 
these  strains.  Some  years  ago  they  began  to  use  axles  as  in 
the  English  practice,  containing  twenty  to  twenty-live  hundredths 
of  carbon.  In  a  short  time  the  journals  began  to  drop  off  from 
those  axles,  and  the  matter  became  serious.  When  it  came  to 
them  after  it  dropped  off,  there  was  an  irregular  portion  of  fresh 
break,  the  rest,  being  old,  having  broken  off  in  detail  from  time 
to  time.  Many  of  these  sections  were  more  one-sided  Uian 
others,  but  all  had  the  detailed  fracture.  As  a  leap  in  the 
dark,  they  simply  increased  the  tensile  strength  by  20,000  lb& 
They  were  using  60,000  lbs.  steel,  and  they  jumped  to  80,000 
lbs.,  and  their  difficulty  disappeared.  The  conditions  under 
which  the  metal  did  its  work  must  decide  how  they  tested. 
He  recognised  the  value  of  tensile  test,  elongation,  and  the  con- 
traction of  area;  but  they  had  still  to  go  further,  and  such 
papers  as  Mr.  Colby's,  showing  what  had  been  done  and  what 
could  be  done,  were  steps  in  the  advancement  of  their  knowledge. 

Mr.  B.  A.  Hadfield,  Member  of  Council,  was  much  indebted 
to  Mr.  Colby  for  his  paper.  He  wished  to  refer  to  that 
part  dealt  with  by  the  author  regarding  the  chemical  properties 
which  were  to  be  specified  in  the  steel  according  to  standards 
decided  upon.  There  were  nine  standard  specifications  under 
discussion,  and  where  tensile  strength  was  specified,  limits  in 
carbon  had  been  purposely  omitted  except  in  the  case  of  splice 
bars.  Limits  in  manganese  were  included  for  tyres,  boiler-plate, 
rivet  steel,  splice  bars,  and  rails ;  and  silicon  only  in  case  of 
tires  and  rails.  The  author  had  explained,  however,  that 
"  phosphorus  is  very  properly  specified  in  all  the  different  classes 
included  in  the  nine  steel  specifications,  and  sulphur  in  all  but 
rail  steel  and  structural  steel  for  building."  Mr.  Hadfield  did 
not  agree  with  these  views.  He  was  of  opinion  that  chemical 
analyses  should  be  a  matter  for  the  steelmaker,  and  should  not 
enter  into  the  engineer's  specification.     It  was  for  the  latter  to 
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The  President  said  the  Commission  on  steel  rails,  on  which 
Mr.  Martin  and  himself  both  sat,  had  issued  their  Report,  and 
the  St.  Neots  rail,  which  was  the  basis  of  the  inquiry,  contained 
local  patches  of  martensite;  but  the  Commission  had  not  been 
able  to  explain  satisfactorily  the  presence  of  this  particular  form 
of  carburised  iron.  All  the  other  points  had  been  fully  borne  out 
by  Mr.  Colby's  observationa  What  he  (the  President)  thought 
was  important  in  the  case  of  steel  rails  was  to  know  what  had 
been  their  previous  thermal  treatment,  the  exact  temperature  at 
which  the  rolling  had  been  performed — in  fact,  to  know  their 
life-history  before  they  became  rails.  The  St  Neots  rail  was 
an  admirable  one  as  regarded  analysis.  It  might  almost  have 
formed  a  typical  basis  for  specifications,  and  yet  it  was  broken 
like  glass  into  eighteen  pieces,  and  not  after  a  prolonged  use ; 
and  then  there  was  the  presence  of  martensite.  There  were,  he 
should  not  omit  to  say,  the  results  of  beautiful  experiments  in 
the  Swedish  Section  of  the  Exhibition,  by  Mr.  Brinell,  and  he 
strongly  recommended  the  members  to  see  them  because  they 
were  of  very  great  interest. 

Mr,  CoLBT,  in  reply,  said  that  there  was  one  point  made  in 
the  discussion  to  whidi  he  would  like  to  reply.  He  referred  to 
Mr«  Hadfield's  criticism  that  all  chemical  requirements  should  be 
omitted  from  specifications,  and  the  manufacturer  left  free  to 
sele<^  his  steel,  meeting  the  physical  requirements  specified. 
This  same  position  was  taken  by  French  and  German  engi- 
neers who  had  participated  in  the  long  discussion  of  his  (Mr. 
Colby's)  paper  on  this  subject,  read  at  the  International  Congress 
on  Testily  Materials  of  Construction,  held  in  Paris  last  July,  and 
which  discussion  Mr  Greiner  had  just  recommended  the  members 
of  the  Institute  to  read.  Personally,  he  (Mr.  Colby)  was  of  the 
same  opinion  as  Mr.  Hadfield,  for  in  his  own  experience,  as 
Metallurgical  Engineer  of  the  Bethlehem  Sted  Company,  he 
had  often  seen  unnecessary  hardships  placed  on  the  mmnufactmer 
by  the  strict  adherence  to  definite  limits  in  sulpihur  and  phos- 
phorus, and  the  rejection  of  steel  because,  peAaps,  it  contained 
0*005  per  cent,  more  sulphur  than  the  limit  specified.  He  would 
like  to  explain  that  these  proposed  American  standard  specifi- 
cations were  the  result  of  a  compromise,  as  &^  represented 
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study  be  was  undecided  as  to  which  steel  was  the  best,  for 
although  the  soft  rails  wore  faster  in  the  beginning,  say  after 
30,000  trains'  passage,  the  hard  rails  were  worn  as  much  as 
the  soft  ones  after  90,000  trains'  passage.  So  he  left  it  an 
open  question.  As  for  breakages,  very  few  statistics  were  given 
from  America,  except  that  the  rails  break  mostly  at  a  cold 
temperature.  Bussia  had  a  very  large  number  of  fractures. 
Sweden  can  be  proud  of  its  results  in  this  respect,  being  in 
about  the  same  position  as  England  notwithstanding  its  severe 
climate.  But  the  rails  have  always  been  kept  on  the  soft  side, 
or  say  about  0'42  per  cent  carbon,  with  a  maximum  of  phos- 
phorus of  0*075  per  cent  However,  the  Swedish  BaUway 
Administration  had  in  1898  been  tempted  by  the  American 
papers  to  increase  the  carbon  up  to  0*50  per  cent,  but  found 
their  rail  fractures  increased  during  last  winter,  so  they  have 
returned  to  their  former  hardness  of  0*42  per  cent.,  preferring 
to  keep  on  the  safe  side ;  and  at  the  same  time  they  have 
increased  their  falling  test  by  10  per  cent,  since  they  found 
that  rails  breaking  on  the  road  during  winter  would  stand  in 
summer  the  specified  test  of  a  1-ton  ball  falling  20  feet.  As 
a  proof  of  good  wearing  results  from  rails  of  a  medium  hardness, 
it  may  be  mentioned  that  the  Goliath  rail,  with  a  carbon  of 
0*43  per  cent,  laid  down  at  Barrow  ten  years  ago,  under  very 
heavy  traffic,  has  only  worn  3  mm.,  and  is  still  wearing  welL 
But  rails  have  another  function,  namely,  to  withstand  crushing, 
particularly  at  the  ends,  and  in  this  respect  there  is  no  doubt 
that  the  hard  steel  would  be  preferable.  As  the  President  re- 
ferred to  Mr.  Brinell's  mode  of  testing  in  the  Swedish  Exhibition, 
he  (Mr.  Sandberg)  might  here  mention  that  he  used  a  similar 
mode  in  1894,  with  a  view  to  applying  the  same  to  rail  inspection 
See  table  of  results  herewith  obtained  from  the  crushing  tests  of 
sample  steel  of  different  hardness — 0*40,  0'50,  and  0*60  per 
cent,  carbon,  from  three  different  makers.  As  shown  by  this  table, 
the  0*60  per  cent,  carbon  steel  would  stand  twice  as  much  load 
as  0*40  per  cent,  carbon  did  for  the  same  compression,  but  this 
must  not  lead  us  to  employ  harder  rails  than  will  stand  the 
traffic  without  breaking.  The  flattening  of  the  rail  ends  is  cer- 
tainly a  very  costly  matter,  and  often  makes  it  necessary  to 
renew  rails  before  they  are  worn  out,  but  this  can  to  a  great 
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THE  INFLUENCE  OF  ALUMINIUM  ON  THE 
CARBON  IN  CAST  IRON. 

Bt   GODFREY   MELLAND,   B.Sa    {Vkt,\   AS80CR.&1L,   akd   HARRT    W. 

WALDBON,  B0WBI7  Sohouls  a  Metjillcbot  at  tbm  Mamst 

rsnmfinT  Oollbo,  BisHOPOXAa. 

The  action  of  mlaminiiun  in  causing  the  8q«ration  of  graphite 
wh^XL  added  to  cast  iron  oontaining  carbide  has  been  studied  bjr 
W«  J«  Keep  *  in  America^  and  mart  noaitij  in  this  oountry  by 
T,  W,  Hogg.t 

Keep,  looking  at  the  question  froBt  the  pcont  of  Tiew  of 
the  praotkml  foundiymaa,  studied  mainly  the  €hMnge»  m  the 
ttechanioal  properties  of  white  or  bard  grey  irons,  which  are 
pirviuoed  by  the  addition  of  definite  aakoonts  of  aluminium  to 
them  when  in  the  molten  oondition.  In  a  later  paper  t  he  gives 
analviM  of  th^  treated  metak.  He  found  thai  a  white  iron 
benune  di$unotly  grey  after  the  addition  of  OT5  per  cent,  of 
aluTninium,  but  that  the  amount  of  graphite  separated  and  the 
j^oft^^ii^r  of  th«  meital  increased  up  to  4  per  cent,  of  that  metaL 
He  al^  netted  that  oast  iron  oontaining  aluminium  remained 
graphitic  wb<%  oaift  in  a  obiU  mould. 

In  ^nr»aking  a  oomparh^ou  between  the  aotaan  of  silicon  and 
aIuTniT)iuYa  upoiu  the  oarbrm  in  oast  iron,  he  states  that  the  metal 
"whpm  added  iu  latipe  amounts  bfts  l^  prr^^ertr,  also  possessed 
by  «ili<vm,  of  oau^ng  a  redoccion  in  tiit  total  cubon  of  the 
iron. 

ThT$;  last  W^<*Tyjem  i^  not  wmfirmed  by  the  erperiments  of 
T.  W.  Ho;:g,  whu-\h  ^h/>w  thftt  tiir  total  carbon  remained  pncti- 
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The  alaminiom  used  was  the  best  commercial  m^al  made  by 
the  British  Alnminiwm  Company,  and  contained  only  about  1 
p^  cent,  of  impurity,  which  conatsted  mainly  of  iron. 

The  mdtitigs  were  made  in  fireclay  crucibles  heavily  brasqned 
with  powdered  charcoal  to  prevent  any  possible  increase  in  the 
amount  of  silicon  firom  contact  of  the  metal  with  the  pot,  ai»l 
also  to  prevent  exce^ve  oxidatioQ.  The  above  analyses  of  the 
original  metal  show  that  it  suffined  practically  no  altention  in 
composition  by  the  remelting. 

The  amount  oi  metal  used  for  each  melting  was  betwe^i 
Sand41b&. 

In  the  firsl  few  melUDirs  the  aluminium  was  placed  at  the 
bdtom  of  the  cradble»  covesred  with  a  litde  powdered  charcoal, 
and  the  p$  iron  was  plaoed  on  the  top.  The  whole  was  then 
aftelted  down  in  the  wind  funkaoe,  weU  sdrred  with  an  iron  rod, 
and  then  pcmwHi.  TW  ssbsequont  anahrses  of  these  ^ledmeiia 
showibd  that  ti»^y  ocaitsined  in  most  cases  the  merest  trace  of 
aluminium.  luxvis&xiatkai  «{  like  crodbles  showed  that  the 
i::i>Mkl)^r  part  <4  ike  ahuoainixiXQ  was  still  MJt^rmg  to  the  brasqning 
at  ih^  hciVbam,  a:ni  had  »ct  pss»d  iniio  ^it  iron  at  all,  the  thin 
U5>^  of  charoftjd  vnih  wlacb  tb<y  w«re  C9i«red  hui^  snflfeient 
tv>   W^  the  tu^   isxilaLk  <««t  <j   iTtiniBtfr  cotttad  with  ea4^ 

\^  \ht  hi^^  ^x^rxxsK^rii^  t^  iuixiiriiiixan  wess  wielted  separately 
iu  a  «wiii*^i^.  <^J.h«-  iu^^^w  «■  tmofff  iv^Peniufs  <rf  £uar  qMo*  or 
c>Maw^V  aynS  ;b^  Yn^ikt^^Qt  mtn  wa$  pricTBd  into  hs  the  whde 
VjiY)^  ^«^.«  ^:;nw^  «;  W^im.     Tb^  h^t  nsuhs  w«re  obtained 

^'•/j^  i^'  .<  » fK.t  I  Tk.  —  ^ti  TtUal-^Tii:  xbc  ^jc^s  ocflntsiaing  small 
«lMvy)%l$  «  ii'Aimin  %im,  Ui^  ^tuoixavias  «f  i:L3s  iwffil  iomd  in  the 
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Table  I. 


Graphite. 

ReUtiTe  Denaty' 

atao-c. 

No. 

Aluminiom. 

Silicon. 

Total 
Carbon. 



Rapidly 
Cooled. 

Slowly 
Cooled. 

Slowly  Cooled.  ( 

1 

I 

•^icir 

0-24 

3-90 

0-38 

0-38 

1 

2 

Pig  remelted. 
(None.) 

0-28 

3-98 

0-48 

0-76 

7-64 

S 

trace 

0-27 

8-96 

0-52 

078 

4 

trace  (0-002) 

0-25 

394 

0-43 

1-06 

... 

5 

0003 

0-22 

3-98 

0-36 

12 

6 

0-023 

0-23 

0  55 

2-32 

7 

0-024 

0-23 

3^ 

030 

1-20 

7-68 

8 

0-028 

0-27 

407 

0-50 

1-87 

9 

0-058 

0-28 

0*50 

1-78 

... 

10 

0-114 

0-22 

0-54 

2-64 

11 

0160 

0-21 

4-bo 

0-32 

3-01 

12 

0179 

0-22 

0-41 

2-50 

18 

0180 

0-20 

3-90 

0-57 

1*55 

14 

0186 

0-20 

0-55 

2-8 

... 

15 

0-232 

0-22 

3191 

0-59 

315 

16 

0-250 

0-10 

3-96 

0-91 

8-49 

17 

0-325 

0-19 

0-92 

2-91 

18 

0-389 

0-20 

1-51 

2-96 

19 

0-438 

0-25 

3i95 

1-86 

3-35 

20 

0-527 

0-21 

3-83 

3-06 

2-93 

7-12 

21 

0-566 

0-21 

2-91 

3-37 

7-U 

22 

0722 

0-21 

3-96 

2-64 

2-92 

23 

l-2:i9 

0-21 

4-08 

2-95 

2-97 

24 

1-246 

0-23 

2-81 

2-87 

25 

1-25 

0-29 

2-91 

8-01 

26 

1-78 

0-28 

41)7 

2*96 

2^ 

711 

27 

2-375 

019 

3-76 

278 

2-60 

28 

8-82 

0-22 

3-59 

263 

2-54 

20 

4-24 

3-57 

2-28 

2-49 

6-88 

30 

8-31 

3-32 

0*66 

0-99 

6-53 

31 

11-80 

0-26 

312 

0-20 

0-20 

6-69 

Remarks  on  the  Analyses, — The  analyses  have  in  every  case 
been  carefully  checked,  and  in  doubtful  specimens  as  many  as 
three  concordant  results  have  been  obtained.  The  method  used 
for  the  estimation  of  the  aluminium  was  the  one  described  hj 
J.  E.  Stead  *  in  the  Joumxd  of  the  Society  of  Chemical  Industry^ 
vol.  viii.  p.  965,  slightly  modified  to  suit  our  requirements. 

*  Briefly,  the  method  coniiits  in  adding  to  the  lolation  of  the  mixed  chlorides  of 
the  two  metali  a  certain  amount  of  sodium  phosphate  (Tarying  with  the  amount  of 
aluminium  present),  nearly  neutralising  and  adding  excess  of  sodium  thiosulphate. 
This  reduces  most  of  the  iron  to  the  ferrous  state  and  completely  neutralises  the 
hydrochloric  acid,  thus  causing  the  precipitation  of  aluminium  phosphate  together 
with  a  small  amount  of  ferric  phosphate.  This  precipitate  after  filtering  is  redissolved 
and  the  iron  completely  precipitated  by  pure  sodium  hydrate.  The  aluminium  it 
^ally  precipitated  froYp  the  clear  soli;tion  and  weighed  as  the  phosphi^te. 
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cent,  of  aluminium  the  metal  contains  even  less  graphite  than 
the  original  pig  iron. 

In  the  case  of  the  slowly  cooled  specimens  the  amount  of 
graphite  liberated  is  somewhat  irregular  where  the  added  alu- 
minium is  low.  Thus  No.  6  contains  much  more  graphite  than 
it  should,  judging  from  the  numbers  immediately  above  and 
below  it  in  the  series,  while  in  No.  13  the  effect  of  0*18  per  cent 
of  aluminium  is  very  small  by  comparison  with  that  produced 
by  0'179  per  cent,  in  No.  12. 

It  must  be  pointed  out  that  these  anomalous  cases  all  occur 
in  metal  containing  less  than  0'3  per  cent,  of  aluminium,  i^ 
they  are  metals  in  which  the  aluminium  effects  no  separation 
of  graphite  in  the  chilled  specimens.  Although  the  different 
meltings  were  made  as  nearly  as  possible  under  the  same  con- 
ditions, the  temperatures  at  which  the  metals  were  poured  no 
doubt  varied  very  considerably  in  different  cases,  and  this  would 
lead  to  a  good  deal  of  variation  in  the  rate  of  cooling.  With  a 
metal  which  is  quite  white  when  chilled  it  is  obvious  that  com- 
paratively slight  differences  in  the  rate  of  cooling  would  cause 
great  variation  in  the  amount  of  graphite  separated.  It  would 
be  impossible,  without  special  heating  and  casting  appliances, 
and  a  careful  measurement  of  the  temperature  of  the  metal 
when  poured,  to  obtain  sufficient  uniformity  in  respect  to  the 
rate  of  cooling  to  prevent  these  anomalies. 

When  the  amount  of  aluminium  exceeds  0*3  per  cent,  and  ita 
effect  of  accentuating  the  critical  point  for  graphite  separation 
begins  to  be  more  marked,  we  do  not  meet  with  any  more  of 
these  irregularities.  With  the  aluminium  from  0*23  to  1*78  per 
cent  the  slowly  cooled  specimens  are  uniformly  grey,  and  all 
contain  about  3  per  cent,  of  graphite.  With  larger  amounts  of 
aluminium  the  graphite  diminishes  (but  more  slowly  than  in 
the  rapidly  cooled  metal),  until  with  11 '8  per  cent  there  re- 
mains only  0'2  per  cent,  of  graphite,  and  the  rate  of  cooliug 
has  absolutely  no  effect. 

The  curves  (Plate  XIV.)  show  the  effect  of  aluminium  up  to 
0*6  per  cent,  upon  the  separation  of  graphite  in  both  slowly  aud 
quickly  cooled  specimens.  Considerations  of  space  have  prevented 
us  from  carrying  them  forward  up  to  12  per  cent,  of  aluminium. 
It  may,  however,  be  said,  that  two  curves  run  close  together 
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The  rapidly  cooled  specimens,  even  when  entirely  grey,  differ 
considerably  in  appearance  from  the  corresponding  slowly  cooled 
specimens  on  account  of  the  extreme  fineness  of  their  grain. 

A  few  of  the  slowly  cooled  specimens  in  which  the  alumioiom 
was  low  show  a  zone  of  grey  metal  extending  about  \  of  an  inch 
from  the  surface,  the  rest  of  the  casting  being  either  mottled  or  grey. 
Such  specimens  have  been  described  before  by  J.  W.  Keep  and 
B.  A.  Hadfield.*  It  seems  not  unlikely  that  this  superficial  grey- 
ness  has  arisen  from  the  fact  that  those  portions  of  the  metal  near 
the  surface  of  the  mould,  under  certain  conditions  as  regards  the 
temperature  of  pouring,  would  remain  for  a  longer  time  within 
the  critical  range  of  temperature  for  graphite  separation  than  the 
inner  part,  that  part  of  the  metal  which  first  comes  in  contact 
with  the  mould,  even  when  this  is  hot,  and  composed  of  a 
material  which  conducts  heat  badly,  would  immediately  have  its 
temperature  very  much  reduced,  and  might  pass  through  the 
critical  range  for  carbon  separation.  Very  soon,  however,  owing 
to  the  high  temperature  of  the  metal  in  the  middle  of  the  mould 
and  to  the  bad  conductivity  of  the  mould,  its  temperature  would 
rise  and  might  pass  again  through  the  critical  range.  After  a 
time  it  would,  in  the  general  cooling  of  the  whole  mass,  pass 
through  this  range  a  third  time.  Under  these  conditions  we 
might  reasonably  expect  to  find  a  greater  separation  of  graphite 
near  the  surface  of  a  small  casting  of  metal,  in  which  the 
tendency  for  this  separation  is  not  very  decided,  than  in  the 
central  portion,  where  the  critical  temperature  has  been  passed 
only  once  in  the  general  cooling  of  the  mass. 

One  of  us  having  found  that  aluminium  takes  up  carbon 
readily,  forming  the  golden  yellow  carbide  Al^Cj,  at  tempera^ 
tures  lower  than  that  at  which  white  cast  iron  melts,  it  occurred 
to  us  as  not  unlikely  that  the  reduction  of  graphite  in  the 
specimens  with  8  to  12  per  cent,  of  aluminium  might  be  due 
to  the  formation  of  this  carbide.  It  was  found,  however,  that 
there  was  no  evolution  of  hydrocarbons  when  the  finely  powdered 
metal  was  treated  with  water,  even  on  heating.  An  examination 
of  a  polished  and  etched  specimen  of  the  metal  containing  11*8 
per  cent,  of  aluminium,  moreover,  did  not  lead  to  the  discovery 
of  any  of  the  characteristic  states  of  this  compound. 

*  S«e  Journal  of  the  Iron  and  SUd  InttUuU,  1884,  No.  U.  p,  US. 
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In  conclusion  we  wish  to  express  our  indebtedness  to  Prot 
Burstall  for  patting  the  testing  machine  of  the  Mason  University 
College  at  our  disposal  for  the  purpose  of  these  tests,  and  to  Mr. 
F.  Hummel  for  making  the  tests.  Our  thanks  are  also  dae  to 
Mr.  W,  Macfarlane  of  the  Wednesbuiy  Technical  School,  who 
was  good  enough  to  take  micro-photographs  of  some  of  our 
specimens. 
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periments  with  an  alloy.  Many  years  ago  at  Dowlais  he  made 
the  earliest  experiments  ever  attempted  to  estimate  the  amount 
of  occluded  oxygen  in  the  steel.  He  estimated  the  amount 
of  active  oxygen  by  the  effect  it  produced  upon  manganese 
introduced  into  the  steel,  and  since  then  those  results  had 
been  verified  several  times.  He  thought  it  was  a  point  of  very 
great  consequence  that  the  younger  experimenters  should  pay 
more  attention  to  this  question  of  oxygen  in  steel.  It  was  a 
very  difficult  point  to  study,  but  he  was  convinced  that  it  was  a 
point  of  very  great  importance,  and  it  affected  any  experiments 
like  those  where  they  were  examining  what  was  the  action  of 
aluminium  in  throwing  out  the  carbon  in  the  form  of  graphite. 
He  should  like  very  much  to  see  greater  attention  paid  to  the 
question  of  occluded  oxygen  and  other  gases  in  steel.  It  was  a 
point  which  had  been  latterly  lost  sight  of.  Mr.  Windsor 
Bichards  did  a  good  deal  in  the  examination  of  occluded  hydro- 
gen and  carbon  oxida  But  the  oxygen  that  was  occluded  in 
steel  was  of  very  serious  consequence  in  many  directions,  espe- 
cially in  producing  unsound  steel  in  the  form  of  blowholes. 
Dr.  Dudley  had  raised  the  question,  and  it  occurred  to  him  that 
it  was  so  intimately  connected  with  the  pi^r  under  discussion 
that,  when  called  upon  by  the  President,  he  thought  it  worth 
while  to  allude  to  it. 

Mr.  B.  A.  Hadfield,  Member  of  Council,  said  they  were 
very  much  indebted  to  the  authors  of  the  interesting  paper, 
but  he  should  like  to  ask  why  they  had  selected  as  a  base  cast 
iron  containing  as  much  as  0*38  per  cent,  of  graphite  ?  There 
should  be  no  difficulty  in  getting  a  pure  carbide  of  iron,  that  is, 
in  which  graphite  is  practically  absent.  He  had  himself  some  of 
this  material,  and  if  Uie  authors  desired  to  continue  their  experi- 
ments, such  material  as  they  might  require  was  with  pleasure 
at  their  disposal.  Beferring  to  the  amount  of  compression  pro- 
duced by  varying  loads,  he  noticed  these  only  gave  the  total 
amount  of  reduction  in  length  by  compressions  of  77  tons.  He 
should  like  to  know  how  much  permanent  deformation  was 
produced  by  lowering  loads  10,  20,  and  50  tons.  Another 
important  addition  to  this  paper  would  be  to  state  the  melting- 
point  of  the  different  mixtures  by  the  pyrometers.     There  were 
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Mr.  Mkllahd,  in  reply,  thanked  the  members  for  the 
nameroos  hints  as  to  the  oontinnation  of  this  research.  If  he 
had  taken  up  all  the  points  which  they  suggested  to  him,  the 
work,  sQch  as  it  was,  would  have  occupied  four  or  five  years  at 
least.  With  regard  to  the  cooling  curves,  that  was  an  important 
part  of  the  work,  but  he  did  not  think  of  it  till  half  the  analyses 
were  made ;  and  as  the  analysis  took  up  a  great  deal  of  time,  he 
thought  it  would  perhaps  be  better  to  deal  separately  with  it 
With  regard  to  what  Dr.  Dudley  said  about  the  loss  of  alumi- 
nium, he  could  not  account  for  that  by  the  presence  of  any 
amount  of  oxygen  in  the  cast  iron.  In  the  case  of  steel  where 
they  had  practically  no  carbon  present,  they  could  easily  con- 
ceive a  good  deal  of  oxygen  there  as  oxide  of  metal  or  carbon 
monoxide,  but  in  this  cast  iron  he  did  not  think  they  could 
have  it.  Still  they  had  a  very  large  percentage  of  loss  of 
aluminium  where  the  amount  added  was  small.  He  was  very 
pleased  with  what  Mr.  Hadfield  had  said  about  the  separation  of 
the  graphite  from  the  ferro-manganese  or  spiegeleisen.  That 
suggested  a  use  for  aluminium.  It  was  generally  said  that  it 
might  be  interesting  from  a  theoretical  point  of  view ;  but  that 
the  metal  was  so  expensive  that  it  could  not  possibly  be  used. 
A  small  amount,  however,  would  effect  a  very  great  softening  of 
the  metal,  and  it  might  be  of  practical  value  at  once. 

The  President  said  Mr.  Melland  was  one  of  his  own  pupils, 
and  the  joint  authors  deserved  a  hearty  vote  of  thanks. 

The  following  paper  was  then  read  : — 
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At  the  present  time  there  are  at  least  three  types  of  mill 
in  general  use,  viz.,  puU-oyer  or  two-high,  non-reversing  mills 
with  fly-wheels,  three-high  mills  with  fly-wheeh,  and  two-high 
reversing  mills.  Each  of  these  is  used  for  rolling  all  sorts  of 
shapes  and  sizes,  but  in  all  of  them  the  above-mentioned  defects 
occur,  and  it  is  intended  in  this  paper  to  suggest  some  means  for 
connteracting  them. 

In  rolling  iron  and  steel  as  considered  below,  all  the  preceding 
and  subsequent  metallurgical  processes  will  be  neglected, and  atten- 
tion will  be  mainly  confined  to  two  points — the  consumption  of 
power  and  the  waste  of  fuel  and  materiaL  Much  ingenuity  has  been 
expended  in  all  industries  in  efforts  to  obtain  economy  in  these 
directions,  but  it  must  always  be  remembered  that  over-refine- 
ment may  have  an  effect  the  reverse  of  that  which  is  intended. 
The  size  and  weight  of  the  raw  material  for  the  production  of  a 
given  section  of  iron  or  steel  is  limited  unconditionaUy  as  re- 
gards rolling-mills  now  in  use,  and  there  does  not  appear  to  be 
much  prospect  of  great  improvement  in  this  direction  for  the 
present,  although  altered  conditions  often  produce  unexpected 
results.  A  very  different  state  of  things  is  seen,  however, 
when  consideration  is  given  to  the  possibility  of  altering 
the  ratio  between  the  total  amount  of  power  used  in  driving 
and  the  proportion  which  is  absolutely  used  in  reducing  the 
cross  section  of  the  work.  In  other  words,  it  may  be  possible  to 
greatly  increase  the  efficiency  of  the  rolling-mill. 

The  great  defect  of  the  present  system  of  rolling-mill  plant 
lies  in  the  enormous  masses  that  have  to  be  set  in  motion  to  no 
effect  At  any  moment,  the  only  part  of  the  mill  which  does 
useful  work  is  the  particular  groove  through  which  the  metal  is 
passing.  All  the  power  consumed  in  driving  the  rest  of  the 
mill  is  so  much  wasted  energy.  This  includes  all  the  power 
expended  in  the  idle  rolls,  the  couplings,  the  gearing,  and  in  the 
fly-wheel  used  in  two  and  three  high  rolls. 

Indicator  diagrams  were  taken  from  the  cylinder  of  an  engine 
driving  a  two-high  mill  provided  with  a  fly-wheel  and  rolling 
girders  220  millimetres  deep.  Running  unloaded  at  60  revolutions 
per  minute,  the  horse-power  developed  was  81*3,  which  served  to 
keep  the  engine,  rolls,  gearing,  and  fly-wheel  in  steady  motion. 
Calculated  from  the  Motional  pressures,  &c.,  the  amount  was 
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that  more  or  less  of  the  total  number  of  revolutions  are  wasted 
as  far  as  useful  work  is  concerned.  During  the  operation  of 
rolling  rails  on  a  three-high  mill,  for  instance,  some  time  is  lost  in 
raising  the  ingot  after  it  has  passed  the  first  groove  so  that  it 
may  enter  the  second  pass,  and  further  time  is  taken  in  shifting 
it  laterally  to  the  third  pass,  and  so  on.  All  this  time  the  rolls 
and  the  fly-wheel  are  being  driven  with  the  expenditure  of  steam. 
It  is  true  that  the  steam  consumption  is  less,  but  a  little  calcula- 
tion shows  somewhat  surprising  results  as  regards  the  waste  of 
power  during'  these  idle  intervals.  In  order  to  appreciate  the 
losses  in  their  right  measure  the  different  types  of  mills  must  be 
considered  separately. 

Two-high  mills  with  fly-wheels  are  used  at  several  works  for 
rolling  angle,  tee,  and  other  sections  of  small  and  medium  sizes. 
New  mills  of  this  type  are  not  built  at  the  present  time,  but  the 
existing  plants  are  not  being  replaced.  The  number  of  loaded 
revolutions  of  such  a  mill  is  very  small,  and  the  same  statement 
is  true  of  the  non -reversing  plate-mill.  In  one  case  the  total 
number  of  revolutions  of  the  engine,  when  I-beams  280  milli- 
metres deep  were  being  made,  was  6010,  but  of  this  number 
only  540  revolutions,  or  9  per  cent.,  did  useful  work  as  calcu- 
lated by  the  total  length  of  the  material  rolled.  On  another 
occasion  the  total  number  of  revolutions  was  5537  when  making 
plate  billets,  and  the  useful  number  404  or  7*3  per  cent.  On 
non-reversing  mills  producing  plates  3  to  6  millimetres  in  thick- 
ness and  1  by  2  or  3  metres  in  area,  the  total  number  was  827 
revolutions,  of  which  only  47  or  5*7  per  cent,  did  the  necessary 
work. 

Three-high  mills  with  fly-wheels  are  in  general  use  for  pro- 
ducing the  most  different  profiles  of  iron  and  steel.  In  smaller 
sizes  as  high  speed  trains  they  make  common  merchant  iron, 
hoop  iron,  and  wire  rod ;  in  larger  sizes  they  produce  beams, 
rails,  and  other  large  sections ;  as  plate-mills  their  work  is  to 
manufacture  sheets,  boiler  and  ship  plates,  &c.  The  loaded  run 
changes  according  to  the  shape  and  size  of  the  rolled  pieces  and 
their  longitudinal  dimensions,  and  according  to  the  nature  of  the 
appliances  and  machinery  at  hand.  The  method  of  making  the 
observations  being  the  same  as  before,  three-high  trains  show  37 
per  cent,  as  their  proportion  of  loaded  run  to  the  total  runs  under 
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other  dimensions  of  the  pieces  rolled  and  with  other  factors 
mentioned  above.  In  certain  cases  they  may  be  as  high  as 
55  per  cent,  in  the  combined  trains  of  two  and  three  high  sets 
or  60  to  70  per  cent,  in  double  two-high  trains.  However,  as 
the  ratio  of  loaded  runs  improves,  the  amount  of  dead  weight 
driven  also  increases,  sis  is  characteristic  of  the  light  merchant 
trains. 

Keversing-mills  work,  as  a  rule,  without  fly-wheels,  though 
a  fly-wheel  has  been  used,  as  Mr.  Ledebur  states,  but  it  did 
not  come  into  general  use.  This  type  of  mill  may  be  used 
to  produce  any  of  the  larger  sections,  such  as  rails,  I-beams, 
constructional  plates  of  great  length,  boiler  and  ship  plates, 
&c.,  but  their  special  use  is  for  cogging  ingots.  The  ratio  of 
the  loaded  runs  is  closely  dependent  on  the  section,  and  on 
the  efforts  directed  to  economising  the  steam  consumption. 
With  short  pieces  the  ratio  will  be  reduced  in  consequence  of 
the  numerous  revolutions  made  before  and  after  the  piece  has 
entered  and  passed  the  rolls.  With  larger  slabs  the  same  result 
will  be  obtained  for  a  similar  reason.  As  the  engine  works 
near  to  the  limit  of  its  maximum  power,  the  man  in  charge  has 
to  start  early  to  obtain  sufficient  momentum  to  carry  the  work 
through.  The  number  of  unloaded  revolutions,  therefore,  is 
increased  at  the  start,  and  they  are  made  with  great  steam 
consumption.  A  little  slackness  on  the  part  of  the  men  in 
stopping  these  large  engines  at  the  proper  moment  is  also 
provocative  of  waste. 

The  ratio  of  loaded  runs  producing  boiler  plates  is  37  per 
cent. ;  constructional  plates  in  longer  lengths,  30  per  cent ;  plale 
billets  of  lighter  size  and  section,  25  to  30  per  cent ;  girders  of 
medium  size  up  to  240  millimetres  height,  50  per  cent ;  axles  for 
railway  rolling  stock  up  to  150  millimetres  in  diameter  and  1300 
kilogrammes  in  weight,  28  per  cent. 

These  data  have  been  gathered  under  the  most  favourable 
conditions  for  the  trains  to-day  in  use,  in  each  case  as  regards 
steady  work,  careful  and  skilful  workpeople,  and  experienced  fore- 
men, so  that  the  calculations  and  statements  given  below  may 
be  regarded  as  well  within  the  bounds  of  probability. 

Given  the  consumption  of  fuel  for  producing  steam  for  engines 
of  different. trains,  the  amount  of  wasted  fuel  can  now  approxi- 
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Of  these  products,  the  first  two,  2730  +  270,  or  3000  oat  of  the 
3630,  represent  the  waste,  and  from  this  the  proportion  of  the 
800  kilogrammes  in  the  first  column  may  readilj  be  calculated 
as  660  burnt  to  waste.  The  steam-producing  capacity  of  coal 
is  taken  as  uniform  in  spite  of  the  variable  amount  of  steam 
consumption  in  the  unit  of  time.  The  length  of  steam-pipes, 
the  large  evaporating  surfaces  required  in  the  boilers,  the 
throttling  of  steam  during  the  unloaded  runs,  &c.,  are  amongst 
the  defects  that  may  be  mentioned,  but  are  to  some  extent 
counterbalanced  by  other  circumstances.  Under  the  most 
favourable  conditions,  therefore,  the  last  two  columns  represent 
the  minimum  of  waste,  and  the  average  will  exceed  it  in  most 
cases. 

The  number  of  times  that  the  material  has  to  be  treated  in 
separate  mills  must  also  be  taken  into  consideration.  In  new  iron 
and  steel  works  intended  for  the  production  of  large  outputs  of 
very  varied  sections,  Bessemer  or  open-hearth  steel  is  cast  into 
ingots  weighing  from  2  to  3  tons ;  the  ingots  after  cogging  are 
cut  into  billets  for  rails  or  beams  of  two  or  three  lengths,  or 
for  boiler  plates  and  structural  iron  of  standard  sizes,  and  the 
rolling  and  finishing  of  the  rails,  beams,  plates  are  carried  out 
on  second  trains.  In  the  manufacture  of  small  sections  or 
merchant  iron,  the  billets  require  to  be  drawn  down  to  smaller 
dimensions  and  lighter  weights  for  their  further  manipulation, 
and  this  is  done  on  a  second  train,  and  then  the  iron  or  steel  is 
rolled  to  the  intended  section  in  a  third  mill.  In  some  cases, 
as  with  hoop  iron  or  wire  rod,  a  fourth  mill  may  be  required  to 
finish  the  operation. 

The  distribution  of  grooves  into  detached  trains  and  the 
number  of  passes  required  for  producing  certain  sections  may 
vary  widely.  The  greater  the  difference  between  the  sectional 
dimensions  of  the  ingot  or  billet  and  of  the  finished  material, 
the  more  grooves  has  the  material  to  pass  through ;  and  accord- 
ingljy  in  consequence  of  the  defects  of  the  steam-engine  and 
rolling-mills,  the  larger  is  the  waste  of  motive-power  consumed 
by  unloaded  runs  and  revolving  dead  weights.  Hence  it  will 
readily  be  granted  that  the  quantity  of  fuel  contained  in  the  last 
two  columns  of  the  table  above  may  be  increased  from  50  to 
200  per  cent,  according  to  the  size  and  shape  of  the  output. 
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of  rolls  with  accuracy  very  often  necessitates  much  expenditure 
of  labour,  material,  and  time. 

The  conclusions  deduced  from  these  observations  have  led  the 
author  to  seek  for  a  solution  of  the  problem  under  the  given 
conditions,  i.e.  to  construct  a  train  in  which  the  disadvantages 
enumerated  above  would  be  eliminated  as  completely  as  possible, 
and  the  problem  does  not  appear  to  be  difficult. 

To  avoid  revolving  dead  weights,  each  groove  is  arranged  in  a 
separate  pair  of  rolls.  The  dimensions  of  the  rolls  are  settled 
by  proportioning  the  material  according  to  the  power  required. 
The  elimination  of  unloaded  revolutions  is  closely  connected  with 
the  decrease  of  the  weight,  because  fewer  strokes  of  the  engine 
are  necessary  to  get  up  speed,  and  the  smaller  masses  come  to 
rest  more  speedily  after  the  work  is  done.  With  the  same  object 
in  view,  it  is  desirable  to  use  those  forms  of  motors  and  driving- 
gears  which  require  the  shortest  time  possible  for  developing  the 
maximum  power.  Under  ordinary  conditions  the  electromotor 
is  preferable;  but  there  are  cases,  however,  where  hydraulic 
engines  or  belt  transmission  may  be  advisable. 

These  ideas  may  be  carried  inta  practice  in  the  manner  repre- 
sented in  Plates  XVI.  and  XVII.,  in  which  Fig.  1  is  an  end 
view  and  Fig.  2  a  side  view  of  a  stand  of  rolls,  each  pair  of  rolls 
having  a  single  pass  only,  while  Fig.  3  is  a  suggested  plan  for  a 
mill  plant  designed  to  roll  girders  120  millimetres  (4|  inches)  in 
depth,  from  roughed  slabs  150  by  180  millimetres  (6  by  7  inches) 
in  section,  and  weighing  370  kilogrammes  (815  lbs.). 

Each  pair  of  rolls  has  a  single  pass  only,  and  the  rolls  approxi- 
mate to  discs  in  form.  They  are  made  of  steel  to  further  reduce 
their  weight,  and  their  dimensions  are  proportioned  to  the  work 
they  have  to  do.  The  rolls  are  made  with  solid  webs,  or 
each  roll  may  have  a  hollow  or  double  web  instead.  In  certain 
cases,  as,  for  instance,  in  the  preliminary  reductions  in  a  cogging 
mill,  the  rolls  may  be  replaced  by  segments  of  a  circle,  to  which 
a  reciprocating  motion  will  be  given.  The  discs  or  segments  are 
keyed  on  steel  shafts  {,  running  in  bearings  a,  &,  mounted  on  the 
bearers  c,  d.  The  bearings  on  the  left-hand  side  are  closed  by 
end  caps,  while  the  shafts  pass  through  the  right-hand  bearings 
to  receive  worm,  belt,  or  other  driving-gear.  The  bearers  c,  d, 
at  the  top  and  the  bottom  respectively,  are  rigidly  connected  to 
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water-cooling.  The  omission  of  loose  couplings,  and  the  conse- 
quent reduction  in  breakages,  need  only  be  mentioned  to  be 
appreciated.  Labour  will  be  reduced,  and  will  be  directed  into 
its  proper  channel  as  a  controlling  factor  instead  of  being  used 
in  the  form  of  brute  force.  The  mill  train  will  be  capable  of  a 
very  large  output  on  economical  lines,  but  at  the  same  time  it 
will  feel  to  a  much  smaller  extent  any  fluctuation  in  the  demand 
from  the  iron  markets. 

The  amount  of  work  done  on  the  ingots  during  the  rolling 
and  the  coal  consumed  under  the  boilers  will  vary  in  proportion 
to  the  quantity  of  rolled  iron  delivered.  For  example,  the  twelve 
pairs  of  rolls  required  for  producing  girders  of  medium  size  can 
all  work  simultaneously  in  case  of  need  when  the  market  wants 
large  quantities ;  but  if  the  consumption  falls  off,  the  number  of 
pairs  of  rolls  working  simultaneously  will  be  reduced  to  suit  the 
circumstances,  and  the  coal  consumption  will  be  correspondingly 
lowered.  On  hoop  iron  or  wire  rod  mills,  automatic  starting  and 
stopping  gear  for  the  engine,  operated  by  the  work  as  it  enters 
and  leaves  the  rolls,  would  almost  eliminate  the  need  for  work- 
people, who  would  then  only  be  required  to  control  the  continuous 
co-operation  between  the  heating  furnaces  and  the  mills. 

The  waste  of  material,  time,  and  labour  which  the  accurate 
setting  of  grooves  entails  will  be  nearly  totally  eliminated,  and  the 
changing  and  setting  of  a  number  of  small  rolls  will  be  very  much 
easier  as  compared  with  the  huge  masses  that  now  have  to  be 
moved,  while  the  saving  in  storage  and  in  repairs  will  be  very 
great.  Duplicate  sets  of  rolls  and  sets  suitable  for  a  very  large 
number  of  sections  could  be  kept,  without  waste  of  interest  on 
idle  capital.  In  conclusion,  the  author  is  strongly  convinced  that 
the  results  to  be  obtained  in  practice  will  far  transcend  those 
foreshadowed  above,  and  that  the  installation  of  his  system  for 
rolling  iron  will  effect  great  changes  in  the  technology  of  iron  as 
well  as  in  its  relation  to  common  life. 
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The  author  states  that,  by  having  only  one  groove  in  each  pair 
of  rolls  instead  of  the  required  number  of  grooves  in  one  pair  of 
rolls,  that  it  will  economise  material,  time,  and  labour.  In  my 
opinion,  it  would  be  the  reverse.  Consider  for  a  moment.  To 
produce  an  ordinary  sectional  piece  of  steel  (angles  or  rails),  one 
requires  at  least  four  or  five  forming  grooves,  which  means  four 
or  live  pairs  of  rolls  in  the  proposed  mill.  Suppose,  when  rolling 
angles,  tees,  or  other  similar  sections,  how  can  any  one  roll  f-inch 
and  ^-inch  thick  in  the  same  rolls  if  there  is  only  one  groove  ? 
It  means  changing  rolls.  Suppose  it  were  possible  to  avoid 
changing  rolls,  could  the  author  give  any  idea  as  to  the  time  it 
would  take  to  adjust  the  rolls,  as  there  are  eight  nuts  to  loosen 
on  each  groove  or  pair  of  rolls,  which  means  32  to  40  nuts  to 
be  dealt  with  ?  This  must  take  a  considerable  time,  considering 
that  the  screws  must  be  at  least  4  or  5  inches  in  diameter  to 
resist  the  strain  which  they  will  be  subjected  to.  Whereas  by 
having  the  five  grooves  in  one  pair  of  rolls,  only  six  parts  have 
to  be  dealt  with  in  adjusting  the  rolls,  and  which  can  be  done  id 
two  to  three  minutes,  or  even  less. 

Can  the  author  give  any  idea  as  to  the  time  it  would  take  to 
change  and  fix  up  even  five  pair  of  rolls,  and  the  number  of  men 
required  to  work  the  mill  ?  because  it  appears  to  me  that  the 
greater  the  number  of  grooves  worked  the  greater  the  number  of 
men  required.  *. 

The  author  also  suggests  that  the  tables  conveying  the  piece 
from  one  groove  to  another  shall  be  swinging  ones.  Will  they 
not  also  have  to  be  feeding  ones,  or  what  is  to  carry  the  piece 
into  the  rolls  if  the  piece  is  at  all  heavy  ? 

The  author  also  suggests  using  steel  rolls  for  lightness.  My 
experience  is  that  steel  answers  very  well  for  cogging  and  rough- 
ing rolls,  but  is  objectionable  for  finishing  rolls,  as  the  heat  causes 
the  steel  to  crack  (surface  cracks),  after  working  a  short  time. 

It  is  also  suggested  that  the  cogging  rolls  shall  be  discs  or 
segments  keyed  on  steel  shafts.  I  am  afraid  it  would  not  be  a 
very  substantial  job.  It  answers  very  well  for  a  short  time  as  a 
patch.     I  have  tried  it  with  finishing  rolls. 

In  my  opinion  it  would  be  found  a  difficult  matter  to  roll  a 
number  of  sections  of  steel  in  proposed  mill.  It  might  do  very 
well  for  girders,  but  a  mill  cannot  be  expected  to  be  running 
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Votes  of  Thanks. 

The  President  :  This  meeting  has  been  in  every  way  a  most 
charming  one  so  far  as  it  has  gone,  and  I  now  propose  **  That 
the  best  thanks  of  the  Iron  and  Steel  Institute  be  hereby  ten- 
dered to  the  chairman,  Mr.  Robert  de  Wendel,  and  to  the 
members  of  the  Local  Beception  Committee,  for  the  great  cordi- 
ality of  the  welcome  extended  to  us,  and  for  the  arrangements, 
ably  planned  and  successfully  carried  out,  for  the  convenience, 
instruction,  and  pleasure  of  the  members  during  the  present 
meeting."  That  is  the  first  part  of  a  comprehensive  motion. 
The  second  is :  ''  That  the  best  thanks  of  the  members  be  also 
given  to  the  President  and  Council  of  the  Soci^t^  d'Encourage- 
ment  pour  Tlndustrie  Rationale  for  their  kindness  in  granting 
the  use  of  their  building  for  the  purpose  of  the  meeting."  I 
need  not  dilate  on  the  Soci^t^  to  any  great  extent,  except  that  I 
would  mention  that  this  is  the  nearest  analogue  to  our  Society 
of  Arts.  It  is  over  one  hundred  years  old,  and  Dumas  took  the 
greatest  interest  and  worked  very  hard  for  it,  and  is  still  an 
active  member,  and  Mr.  Carnot  is  now  president.  We  have  for 
a  third  time  been  received  in  this  hall,  and  our  warmest  thanks 
are  due  to  the  Soci^t^  d'Encouragement  pour  Tlndustrie  Nationale. 
The  third  part  of  the  motion  is :  "  That  the  best  thanks  of  the 
members  be  given  to  the  President,  Council,  and  the  Members 
of  the  Comit^  des  Forges  for  their  hospitable  reception."  When 
we  remember  how  magnificently  we  were  entertained  last  night, 
and  the  kindness  of  the  Comity  in  providing  music  and  an 
intellectual  treat  for  us,  we  must  feel  that  our  gratitude  will  be 
not  only  very  deep  but  very  lasting.  There  are  other  thanks 
which  I  can  hardly  yet  anticipate,  except  on  the  ground  that 
gratitude  is  a  lively  sense  of  favours  to  come.  We  were  re- 
ceived by  Mr.  Schneider  at  the  Le  Creusot  Pavilion,  and  we 
are  very  grateful  to  Mr.  Chapman,  who  has  placed  his  ofGice  at 
our  disposal,  and  also  for  the  most  excellent  services  of  Mr. 
Vaslin.  I  hope  that  we  shall  have  an  opportunity  in  London 
of  expressing  the  warmth  of  our  feelings  to  Mr.  Vaslin  for  his 
invaluable  help.  It  is  difficult  here  to  do  any  one  thing,  bat 
he  has  done  very  many  things,  and  his  efforts  have  been  crowned 
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THE  CONSTITUTION  OF  SLAGS,  AND  THE  PART 
THEY  PLAY  IN  THE  METALLURGY  OF  IRON. 

By  the  BABON  JtJPTNER  VON  J0N8T0BFF  (Donawitz,  Austria). 

The  various  inter-reactions  which  take  place  between  slag  and 
metal  represent  one  of  the  most  important  factors  in  most 
metallurgical  processes.  It  may,  therefore,  not  be  out  of  place 
to  consider  from  the  modern  point  of  view  iron  slags  and  some 
points  of  connection  with  the  varying  reactions  which  take 
place  between  them  and  iron. 

Ledebur  was  the  first  to  look  upon  slags  as  solutions,  and  not 
as  complicated  chemical  compounds.  He  says  on  this  point :  * 
"  All  constituents  of  slags,  and  especially  the  before-mentioned 
oxides  (metallic  oxides  and  those  of  silicon,  phosphorus,  &c.),  of 
which  slags  principally  consist,  occur  together  in  quantities  which 
vary  extremely  the  one  to  the  other,  and  are  quite  without  rela- 
tion to  the  laws  of  combination.  Hence  it  follows  that  a  slag 
need  not  consist  of  a  single  chemical  compound,  such,  for  instance, 
as  a  silicate  of  definite  formula,  but  is  to  be  viewed  as  a  solidified 
solution  in  one  another  of  different  chemical  compounds.  It  has 
been  already  pointed  out  that  these  compounds  consist  chiefly  of 
the  oxygen  compounds  of  the  metals  and  non-metals."  Further.t 
he  observes  that ''  borax  and  microcosic  salt  serve  in  their  molten 
condition  as  excellent  solvents  for  all  sorts  of  oxides,  and  they 
solidify  with  these  to  '  glasses '  of  homogeneous  composition,  no 
matter  how  great  their  relative  weights  are.  If  silica  or  phos- 
phoric acid  combine  at  high  temperatures  with  lime,  magnesia, 
ferrous  oxide,  or  other  substances,  there  is  no  reason  to  assume 
that  we  have  not  to  deal  in  this  case  with  a  simple  solution  of 
the  various  substances  in  each  other,  but  that  absolutely  definite 
chemical  compounds  have  to  be  formed." 

''That  definite  chemical  compounds  may  form  in  a  solution, 
and  consequently  also  in  a  fluid  slag,  is,  however,  not  to  be 
doubted.     Usually  these  compounds  only  become  recognisable,  it 

*  fTeindbueh  der  BuenhUUenkunde,  2Qd  ed.,  toL  i.  p.  175. 
f  /did,  p.  176. 
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and  similarly  that  some  of  these  may  only  represent  an  aggr^a- 
tion  of  molecules  of  simpler  silicic  hydrates.  This  latter  case 
may  happen  if  the  formula,  of  a  poly-silicic  acid  is  the  multiple 
of  a  simpler  form,  and  it  must  happen  if  it  represents  a  multiple 
of  an  ortho-silicic  acid.  In  this  way,  too,  silicates  may  be  sub- 
divided, and  one  obtains,  for  instance,  meta  monosilicates,  ortho- 
disilicates,  G-basic-trisilicates,  &c.  In  metallurgy  another  series  of 
formulaa  are  usually  employed,  and  this  is  shown  in  the  following 
table  together  with  the  corresponding  chemical  formulsB : — 

'  Molecular  Formolft  for     I 


Oxygen  ratio. 
Acid 
Base" 

Older  Chemical 
Deicription. 

MetaUurgical 
Detoription. 

Monoxide 
Baset. 

SMooi-oude 
Bmm. 

1   :li        .        . 

One-third       .  ^ 

Sub-ulicate    . 

R,SiOs 

B^iO, 

1   :1  . 

Semi       . 

\ 

Mono-dlioate 

R^i04 

BtSijOu 

1J:1.        .        . 

Three-quarter 

Se«iai-iiUcate 

B4Si,0,o 

R|Si«0» 

l2:l.        .        . 

Mono      . 

^ 

BiHiilioate      . 

RSiO, 

B^iAi 

3  :1  . 

1     .        .        J 

Tri^iUoate     . 

R^i,Oi| 

R.Si,0« 

In  order  to  obtain  a  more  thorough  knowledge  of  the  con- 
stitution of  silicate  slags,  use  can  be  made  of  the  melting-point 
curves  and  of  the  microscopic  composition. 

With  regard  to  the  latter,  it  may  once  for  all  be  stated  that 
amphibole  minerals,  felspar  minerals,  free  acids,  and  free  oxides 
have  never  been  found  in  slags.  The  former,  too,  have  never 
been  produced  by  mineral  synthesis  (melting);  alkali  felspar 
cannot  occur  on  account  of  the  absence  of  adequate  alkalies,  and 
mellilite  or  gehlenite  are  always  found  in  the  place  of  anorthite 
and  labradorite.  Hence  it  follows  that  free  sesqui-oxides  and 
free  silica  are  cib  tnitio  excluded  as  slag  constituents  in  silicate  slags. 

As  yet  no  melting-point  curves  for  slags  have  been  given,  and 
indeed  the  statements  as  to  the  melting-points  and  temperatures 
of  formation  of  slags  are  very  scanty,  as  the  following  figures 
show: — 
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Table  B. — AlumtnorLime  Mono-Silicaies.     Temperatures  of  Melting^ 
Points  determined  by  Seger  Fusion  Mixtures* 


1 

Temperature 

No.                              Silica. 

Alumina. 

Dme. 

of  Formation 

1 

1 

of  the  Slag. 

1 
1 

'C. 

1 

1-8762 

3-4965 

1570 

2 

j^ 

0-1071 

3-3217 

1626 

3 

0-2141 

31469 

1492           ! 

4 

0-8212 

2-9720 

1468          ] 

5 

f ) 

0-4283 

2-7972 

1451 

6 

0-5363 

2-6224 

1439 

7 

0-6424 

2-4476 

1430 

8 

07495        1    2-2727 

1422 

9 

0-8566            2^)979 

1417           ! 

10 

0-9639            1-9231 

1412           1 

11 

1-0707            17483 

1410           ' 

12 

1-1777 

1-5734 

1430 

13 , 

1-2848 

1-3986 

1468 

14 

1-3918 

1-2238 

1626 

15 ,         ., 

1-4989 

10490 

1613 

16 ;, 

1-6060 

0-8741 

17 

17130 

0-6993 

11  :    :    :    :       :    :: 

1-8201 
1-9272 

0-5245 
0-3497 

-above  1671 

20 ;; 

2-0342        ,    0-1748 

21 , 

21413        i 

Table  C. — Alumina-IAme-Magnesia  MoruhSilicates.     Temperatures 

determined  by  Seger  Fusion  Cones.f 

1 

Temperature 

No. 

Siliciu      I  Alumina. 

1 

Magnesia. 

lime. 

of  Formation 
of  the  Slag. 

"C. 

11    ...       . 

1-8762 

1-0707 

17488 

1410 

22     . 

0-1249 

1-6734 

1378 

23     . 

1 

0-2497 

1-3986 

1365 

24     . 

It 

0-3746 

1-2238 

1357 

25     . 

0-4994 

1-0490 

1352 

26-A. 

0-6410 

0-9907 

1351 

26-B. 

») 

0-5826 

0-9324 

1350 

26     . 

0-6243 

0-8741 

1862 

27     . 

t* 

07491 

0-6998 

1359 

28     . 

0-8740 

0-5246 

1368 

29     . 

0-9988 

0-3497 

1381 

30     . 

'„ 

11237 

0-1748 

1410 

31     ...        . 

»*                  »* 

1-2485 

... 

1497 

Paul  Gredt  calculates  as  follows  all  the  other  mono-silicates 
containing  alumina,  magnesia,  and  lime,  as,  for  instance,  the  slag 
consisting  of  1-8762  SiOj  + 1-3918  AI2O3  + 0-3496  MgO  + 0-7343 

*  Paul  Oredt,  Stahl  und  Euen,  1889,  p.  756, 
t  /^M^.  P-  766. 
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the  specific  and  latent  heats  of  slags  vary  with  their  composition, 
yet  these  difTerences  are  not  so  great  as  to  prevent  the  curves 
for  heat  of  fusion  as  given  by  Akerman  being  at  least  similar  to 
the  curves  for  the  melting-points. 

Figs.  1  to  4  give  the  total  heats  of  fusion  of  various  silicates 
of  lime  or  of  lime  and  magnesia,  from  mono-silicates  to  the  tri- 
or tetra-silicates.  They  resemble  the  well-known  solidifying 
curves  of  solution.  These  curves  give  for  each  series  of  silicates 
two  minima,  &c. — 

Ist  Minimam.  2Dd  Minimum. 

CaO  Silicate      ...        1*5  Silicate  2*83  Silicate 
(3  CaO+MgO)  Silicate      .        IS        ..  2*6        „ 

(2CaO+MgO)        ,.  .        1-5        ..  2*39       „ 

(CaO+MgO)  ,.  .        1-5        ..  27 

and  three  maxima,  the  middle  one  of  which  corresponds  to — 

In  the  CaO  Silicate 1*87  Silicate 

„    (3CaO  +  MgO)8aicate      ...  176       „ 

„    (2CaO  +  MgO)      „  ...  178       „ 

„    (CaO+MgO)         „  ...  176       „ 

Similar  curves  are  shown  in  Figs.  5  and  6  for  FeO  silicates 
and  lime-iron  silicates,  borrowed  from  H.  0.  Hofman.* 

In  this  way  we  recognise  one  of  the  solution  constituents,  a 
roeta-silicate,  while  the  minima  to  the  right  and  left  of  this 
maximum  must  correspond  to  the  solidification  points  of  eutectic 
mixtures. 

It  could  be  foreseen  that  meta-silicates  would  occur  in  slags,  as 
this  silica  hydrate  is  even  known  in  the  free  state.  Besides,  Vogt  t 
has  shown  that  quite  a  number  of  meta-silicates  occur  in  slags 
such  as  enstatite,  MgSiog ;  hypersthene  and  bronzite  (FeMg)Si03 ; 
wollastonite,  CaSiOj ;  augite,  Ca(MgFe)SiOj ;  rhodonite,  MnSiOg  ; 
babingtonite,  n(MnR)Si03  +  Fe^SigO^ ;  and  a  new  hexagonal 
lime  silicate,  CaSiOg.  Which,  however,  are  the  compounds  that 
occur  with  these  in  the  two  eutectic  mixtures  ?  It  cannot  be 
free  sesqui-oxide  bases  and  free  silica,  since  these,  as  we  have 
seen,  do  not  occur  in  slags.  They  must,  therefore,  be  silicates. 
As   the  more   basic  compound,  the  ortho-silicate  in   the    first 

•  « The  Temperature!  at  wliich  certain  Ferrous  and  Calcio  Silioatei  are  formed  in 
Furion."  Transactiont  of  the  American  ImtUution  of  Mining  Enginieriy  September 
1899. 

t  '*  Studien  over  Slaggen  ; "  Bilhang  till  K.  Svfnthk  Vet.  alad,  Eandlingar^  vol.  ix. 
No.  I. ;  '*  Om  Slaggen  af  SammanBftttningen  beroende  Kristalliiations  fdrhiUanden/' 
JemkontortU  AnwUer^  1886 ;    "  BeitHlge  zur  Kent^iss  der  Mineralbildung, "  ^riitiana. 
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The  last  three  members  of  the  series  are  more  or  less  hypo- 
thetical 

It  now  only  remains  to  point  out  in  what  way  the  occurrence 
of  the  above-mentioned  minerals  is  connected  with  the  com- 
position of  the  slags,  in  doing  which  the  investigations  of  J.  H.  L. 
Vogt  have  chiefly  to  be  considered.  He  says  in  this  connection : 
''  A  comparative  study  of  the  analyses  showed  that  the  formation 
of  minerals  in  the  molten  mass  distinctly  depends  principally  on 
the  average  chemical  composition.  The  minerals  result  as  pro- 
ducts of  the  action,  chemical  afiSnity,  and  inter-reactions  of  the 
principal  constituents — ^in  other  words,  the  formation  of  minerals 
depends  upon  chemical  mass  action.  The  different  kinds  of 
physical  influence  which  are  possible  in  the  formation  of  slags 
exert  only  a  small  secondary  influence  on  the  formation  of 
minerals  if  a  certain  minimum  limit  of  time  *  for  crystallisation 
is  not  exceeded." 

In  the  highly  siliceous  enamel  slags  (2*5  silicates  and  those 
still  more  acid),  Vogt  states  that  globulites  and  crystallites  of  a 
silicate  occur,  which  is  possibly  represented  by  the  formula 
(RO)j(Si05)8-RO=:CaO  and  MgO.  From  the  bi-silicate  slags 
enstatite  crystallises  out  if  the  fused  mass  contains  more  MgO 
( -I-  FeO),  as  compared  to  CaO  ( -|-  MnO),  than  is  shown  by  the 
molecular  ratios  2*44  MgO :  1  CaO.  On  the  other  hand,  augite 
crystallises  out  if  more  CaO  is  present  than  1  *40  MgO :  1  CaO. 
If  the  contents  of  lime  exceed  the  limit  0*8  MgO :  1  CaO,  wol- 
lastonite  or  the  new  hexagonal  lime  silicate  crystallises  out,  the 
former  probably  from  the  fused  masses  richer  in  silica,  and  the 
latter  from  those  poorer  in  silica.  Bhodonite  forms  in  bi-silicate 
masses  if  more  MnO  is  present  in  proportion  to  £0  (  ~  CaO,  MgO, 
FeO)  than  1  MnO  =  0*9  BO.  On  the  other  hand,  augite  sepa- 
rates when  there  is  a  lesser  manganese  ratio  than  1  MnO :  7  RO. 
With  an  average  MnO  contents,  when,  for  instance,  there  is 
1  MnO :  1*82  RO,  rhodonite  and  augite  may  form  simul- 
taneously. 

In  fused  masses  whose  composition  approximates  to  that  of 
mono-silicates,  olivine  always  forms  if  there  is  more  RO  (  =  MgO, 

*  T%M  is  omij  »  few  minntM.  »i  moat  ftT«  to  mtw,  in  Um  eaw  <tt  Minermb  €rM  froa 
almniaa.  m»  (or  insUaoe,  the  new  tetr»c«B*l  auMnl.  ptotidcd  alominft  is  not  present 
vm  the  f«sed  n —  For  slmmiaa  miiiersls,  oa  the  otlMr  hftad,  ia  foaed  wmmm  ridi  ia 
*t««ft^»^  the  liflM  Bi^  be  Crom  seTerU  hovrs  to  seversl  daji. 


*  •    • 


•  0       «     f 


.i*    ..    f.       I 

•  ••      •  •  ■  •■ 


•  ■•  • 


•  ■ 


•         ■  ■■      •■••■ 


■       •  ■        ■•■■        • 


••    ■«      •■ 


■  •  • 
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even  if  the  slag,  contains  silica,  though  it  must  not  be  more  acid 
than  a  bi-silicate.  In  slags  containing  spinell,  the  separation  of 
the  magnetite  takes  place  after  the  spinell,  but  before  or  simul- 
taneously with  the  separation  of  the  silicate  minerals.  Ferric 
oxide  also  readily  enters  into  combination  with  other  compounds. 
According  to  the  investigations  of  L.  Bourgeois,  MnO  can  readily 
combine  with  AI2O3  and  MnjOg. 

An  excess  of  AI2O3  disturl^  the  crystallisation  process  when 
the  cooling  is  very  rapid,  though  possibly  not  in  the  case  of  very 
basic  masses.  It  consequently  tends  to  render  slags  glassy. 
Sulphur  always  occurs  in  slags  as  monosulphide  crystals  of  the 
cubic  system,  such  as  CaS,  MnS,  FeS,  and  isomorphic  mixtures. 
In  very  basic  enamel  slags  these  compounds  occur  as  globulites. 
In  very  basic  slags  sesquioxide  compounds  appear,  therefore,  to 
predominate,  in  addition  to  B.O  bases. 

By  means  of  the  diagram  (Fig.  7,  Plate  XIX.)  an  approximate 
calculation  of  the  composition  of  slags  may  be  made.  One 
calculates  in  the  first  place  the  ratio  of  the  oxygen  contents  of 
the  silica  as  well  as  of  the  total  bases,  with  exception  of  Cu^O 
which  appears  to  have  scarcely  no  affinity  for  silica.  From  the 
sum  of  the  latter  the  half  of  the  sulphur  contents  is  deducted, 
corresponding  to  the  oxygen    equivalent  of   the  BS,  and  then 

from  this  is  calculated  the  ratio  fy^\  ^^y^^.     The  composition  of 

Basic  oxygen  ^ 

the  slags  can  then  be  judged  approximately,  that  is  to  say,  the 

constituents  present  in  the  slags  can  be  ascertained  in  this  way. 

If  the  oxygen  ratio  exceed  2*0,  the  slags  consist  of  the  silicates 

RSiOg,  and   probably   R^SigOg,  or,  written  otherwise,.  RO.SiO, 

and  (RO)j(SiOj)3.     The  composition  of  the  slags  can  then  be 

expressed  by  the  formula 

fl;RO.SiOa+y(RO)s(SiO,)s 

If  8  represents  the  oxygen  contents  of  the  silica  and  b  that  of 
the  bases,  then — 


whence 


y=H't 


and 


• 
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In  slags  with  an  oxygen  ratio  of  less  than  one,  and  a  high 
percentage  of  magnesia  and  alumina,  and  in  bi-silicate  slags  with 
ferric  oxide  contents,  there  is  another  kind  of  calculation  which 
shall  be  referred  to  later  on.  If  the  oxygen  ratio  lies  between 
I'O  and  05, and  if  for  1  CaO  there  is  not  more  than  07  MgO  + 
MnO  +  FeO,  then  one  has — 


and  thence 
whence 


•  «(RO)s2Si02+y(RO)8.SiOi 


SiO, 

AlaOs 

CaO 

MgO 

HnO 

FeO 

OaS 


2x+2y=s 
3«+2y=6 

x=b-s 

.4-' 

B  slag  contains — 

Per  Cent. 
28-32    . 
24-24    . 
40-12    . 

279    . 

0-07    . 

0-27    . 

8-38    . 

PerCe 
.  containing  oxygen = 15  '10 = 

„     =ii-3b) 

„      =11-46 
.,      =«  112 
„      =  0-02 
.,      =  0-06 

nt. 

Acid  ox 
Basic  oz 

)rgen__1510 
ygen-23-96-^^ 

01=6 -«= 

23-96 -16 -10=8-86 

y=|f-6=5 

J2-65-23-96=-l-31 

23-96«6 


We  thus  obtain  for  y  a  value  which,  though  small,  is  a  negative 
one  and  impossible,  but  which  still  shows  that  the  slag  consists 
chiefly  of  gehlenite,  but  must  in  addition  contain  some  spinell. 
The  quantity  of  this  spinell  (RO.AljOg)  can  be  calculated  in  the 
following  manner : — 

The  above  slag  can  only  consist  of  gehlenite  and  spinell.     If 

the  basic  oxygen  in  gehlenite  is  called  \,  then  evidently  ^-  =  0*67, 

and  from  this  the  basic  oxygen  of  the  gehlenite  can  be  calcu- 
lated to  be — 

^    0  67      0-67 

The  oxygen  contents  of  the  spinell  are  consequently — 

6-61=28-96-22-58=1-43 


•     .    •    • 


*  # 


1 
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at  least  approximately,  if  the  oxygen  ratio  is  less  than  that 

which  corresponds  to  a  mono-silicate.     In  a  more  acid  slag,  on 

the  other  hand,  any  spinell  which  may  be  present  can  only  be 

determined    by  analytical    methods.     It   must   be   particularly 

pointed  out,  however,  that  the  calculation  does  not  give  only  the 

RO-AljOj,  but  also  HO.Yefi^  and  B,OMnfi^      Spinell  consistB 

of  RO  (with  1  of  oxygen)  and  Al^O^  (with  3  atoms  of  oxygen). 

The  1'09  molecule  of  spinell  calculated  above  must  therefore 

contain  3  x  1-09  =  3*27  molecules  of  Al^Oj,  while  as  a  fact  only 

2*30  AI2O3  are  present.    The  slags  can  consequently  contain  only 

2 '30 

——  =  0-77  of  spinell,  whilst  the  remaining  oxygen  of  the  base 

o 

namely,  17-37  - 13-00  -  4  x  077  =  1 737  - 1608  =  129,  must  be 
in  the  form  of  free  RO  bases.  The  corrected  composition  of  the 
slag  is  thus  found  to  be  650  (ROy^  SiO2  +  0-77  RO  Al^O^  +  l^Q 
RO. 

From  the  paper  by  J.  H.  L.  Vogt  are  taken  the  results  of  a 
series  of  investigations  as  to  the  spinell  contents  of  a  number  of 
slags,  which  are  now  given  to  show  how  the  results  as  to  the 
percentage  of  spinell  present  obtained  by  calculation  agree  wiUi 
the  values  which  which  were  found  direct. 


Analyses  of  Blast-Fumace  Slags  by  Muirhead.  * 


No.  128.  No.  129. 

No.  ISO. 

No.  181. 

No.  182.  No.  183.1 

SUica      .        . 

Alomina         .... 

LivM 

BCngiiMia        .... 

PerC?t, 
24-93 
2S'47 
37  S2 
1S« 

PorCt 

28-74 
25-6S 
29-40 
1S75 

PerCt 
27-01 
2013 
40-98 
11-09 

PerCt. 
26-46 
23  44 
86-60 
13-34 

PerCt. 
27-58 
22« 
86-80 
18-00 

PferCt* 
27^ 
22-93 
87-06 
12-95 

ToUla 

981W 

97-52 

9916 

9S74t 

99-06 

100*58   1 

SpineU 

17>» 

17-88 

10-82 

818 

6-07 

9-04 

a      /SUtoa   .... 
&-JAl«muia       .        .        . 
S^Slime    .... 
0      llhgmma     . 

1812 

10-94 

10-66 

5-29 

1616 

11-94 

8-40 

6-50 

14-41 
9-88 

11-69 
4^ 

1411 

10-92 

1016 

6-34 

14<9 

10«7 

10-87 

6« 

1475 
10-69 
10-59 
6-18   1 

B«MC  Cfsjgca  •        •        •        • 

0-49 

0-69 

0-56 

0-54 

0-S7 

0«  . 

! 

OaO  oxygen 

0*A 

0<5 

087 

0^ 

0-50 

0-49   ' 

•  Ifim,  Oo«ob«r  l^ 

isso. 

t« 

78  is  on 

^^bL 

■  ■■ 
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The  following  table  shows  the  composition  of  the  slags  as 
calculated  by  means  of  the  formulae  already  given : — 


_ 

No.  128.1  No.  129. 

No.  130. 

No.  13LlNo.l32.iNo.m. 

Qehlenite       .... 
SpineU 

6-66  7-68 
1-83         0-80 

7-21 

7-06        7-36        7-88    \ 
1-32    j     1-00        111 

°;5§r5i'"}S^':    :    : 

5-49  2-42 
1-83    1     0-80 

3-00 
1     1-00 

1 

8-96         8-02        3-33 
1-82         1-00        lU 

If  these  numbers  are  compared  with  those  that  are  obtained 
direct,  it  is  found  that — 

(a)  By  calculation,   a  smaller    percentage  of  BO    Al^O, 
is  always  found  in  the  case  of  aluminates  containing 
lime. 
(13)  When  the  aluminates  are  free  from  lime,  calculation 
shows  a   larger  percentage  of   BO  AljO,  than  results 
from  direct  determination. 
The  latter  might  be  explained  by  the  partial  decomposition  of 
the  MgO.Al^Os,  but  the  former  is  only  explainable  by  inclusions 
in  spinell. 

For  the  approximate  determination  of  the  spinell,  J.  H.  L. 
Vogt  •  has  given  the  following  empiric  formula : — 

Spinell=c(l  -  a)fi{fi  -  4)y(y  -  8) 

in  which  a  is  the  oxygen  ratio  t  Alfi^  being  calculated  as  a 

base.  jS  and  y  are  the  percentage  contents  of  MgO  and  Al^O^ 
while  c  is  a  constant,  and  about  equal  to  itW-  This  gives, 
however,  somewhat  inaccurate  results,  as  even  the  figures  given 
by  Vogt  show : — 


OalcfUated. 

Found. 

Calculated. 

Found. 

Oa20    . 

.    17-68 

Cal3     . 

6-07 

..17    . 

.    17*40 

M     3       . 

Oa6-6 

.,    7    . 

.    10-82 

..    4-6  . 

.        ..3 

,.13    . 

.      9-04 

M  12      . 

m2 

m13    . 

.      8-lS 

.,    0-6  . 

.        mO-5 

See  Bihanff  till  K,  Svemka  Vet  okatL  Handlingar,  vol.  ix.  No.  L  p.  16L 
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The  following  table  gives  a  general  view  of  the  equations  used 
in  the  slag  calculations : — 


imical  Oompoti- 
iion  of  the          1 
K  Conttltiienta. 

(RO),.(SiO,), 

RO.SiO, 

(RO),.SiO, 

(RO),.SiO, 

i 

1 

i 
2:3 

RO.RsO, 

Oxygen 
Ratio  in 
Mineral. 

8:1 

Globnlites 

in  aoid 

enamel 

■lagi 

2:1 

Hexagonal  lime       ) 

■iUoate,  GaSiO,    5 

Wolla8tonite,GaSi0s 

Angite,  Ga(Mg)SiO, 

Rhodonite,  MnSiO, 
Babingtonite,           ) 
n(MnR)Si08+Fe3  V 

Enitatite,  MgSiOn 
Hypertthene!  Fe(Mg) 
Bronzite,       /  SiOj 

1:1 

OUvine,  Mg^iO^ 
Fayalite,  FesSiO^ 
Tephroite,  Mn^IO^ 
(  MontieeUite,  Ga, 
t     SiO^+BIgaSiO^ 
WiUemite,  Zn^iO^ 

MeUilite,  (RO)i,(Al, 
0,MSiO,)« 

New  tetragonal  min- 
eral,*  Akermanite 
(R^SiAo) 

... 

Minerals 
•ponding 

Gehlenite, 

(SibjTs 

- 

6-» 

SpinelU 
RO.AM>, 
Magnetite. 
RO.FcaOj. 

•00 

... 

2-' 

36-f 



... 

}■■ 

f-6 

'-S 

DO  ' 
57 

MoreCaO 
than  CaO= 

07(MgO+ 
BfnO+FeO) 

... 

?■-' 

J7 

Do. 

... 

8 

2 

••• 

-:(-64,) 

LewCaO 
than  OaO= 

0-7(Blg+ 
MnO  +  PeO) 

^ 

... 

8 

2 

There  now  only  remains  to  be  determined  the  limits  between 
the  minerals  belonging  to  one  and  the  same  degree  of  silicification, 
a  matter  which  may  be  of  importance  in  many  metallurgical 


*  Oxygen  ratio =1*50.  Thii  mineral,  whose  degree  of  silidtoation  occupies  the  mean 
between  a  bi-silioate  and  a  mono-silicate,  appears  to  take  the  place  of  a  eutectic 
mixtnre.    In  calculating  slag  compositions  no  notice  is  taken  of  it. 
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processes.     To  obtain  as  good  a  general  view  as  possible,  we  will 
place  these  on  Yogt's  data  in  the  following  table : — 


(MgO  +  MnO+FeO):CaO 
(CaO+MgO+FeO):MnO 

CaO 

MgO 

FeO 

MnO 


I 
i 

s 


n 


CaO:(MgO  +  MnO + FeO) 
AI3O, 


CRO:(MgO+MnO+FeO) 
AljO, 


i 


CaO:(MgO  +  MnO+FeO) 
AljGs 


t'.h 


HexAgonal 

Lime 
Silicate. 


<0-26 

Paramount 
Little 


New  Tetragonal 
mineral  free  from 

Akermanite 


Aagite.     |  Rhodonite. 


0*50  to  1*40 
>3-4         <0-9  to  ID 


Little 
Paramount 


Mellilite        Oehlenite 


Bssfeattte 
(Hjpoitbeae^ 


Li'ttk 
IParamovBt 


OliTinc 


>110  to  1-20:1 
3  per  cent,  to  5  per  cent. 


>11:1 
Higher  than  the  aboye 


Still  somewhat  higher  than  1*20 : 1 
Leas  than  3  per  cent. 


Clio  to  1-38  I 


<11:1 


I 


Somewhat  i 


1-80  to  1-60 


1-30  to  0-80         <8-80 


<l-50 


About  and  between  the  boundaries  of  two  adjacent  miuetal 
areas  both  minerals  can  occur  together. 

G.  Hilgenstock  *  assumes  that  in  slags  the  silicate  RO.SiO, 
exists.  He  observes  in  this  connection  : — **  Our  blast-furnace 
slag,  as  we  try  to  get  it  from  the  general  average  of  the  materials 
we  have  to  deal  with,  we  calculate  in  general  from  the  formula 
(KO)2.SiOg,  and  measure  according  to  that  the  lime  to  be  added, 
since  we  know  that  a  silicate  slag  in  which  the  sum  of  the  oxygen 
of  the  bases  is  equal  to  the  oxygen  of  the  silica,  taken  on  the 
whole,  possesses  an  adequate  degree  of  fusibility.  That  is  to 
say,  it  is  adequately  fluid  at  a  definite  temperature,  and  it  does 
not  matter  to  us  that  such  a  slag  contains  considerable  quantities 
of  '  free  lime '  merely  '  dissolved.'  If,  however,  in  consequence 
of  a  change  in  the  materials  at  the  same  blast-furnace  tempera- 

*  Loc.  cU, 
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tare,  and  with  an  otherwise  similar  composition  of  the  slag,  the 
percentage  power  of  solubility  for  free  lime  is  exceeded,  which 
becomes  evident  if  the  thick-fluid  slag  soon  solidifies  and  decom- 
poses, then  if  anything  like  an  appearance  of  a  want  of  lime  is 
observable,  the  addition  of  lime  is  rapidly  increased,  and  con- 
sequently also  the  percentage  of  '  free  lime '  in  the  slag,  though 
it  may  be  that  we  shall  afterwards  find  that  BO  in  the  thick 
fluid  decomposing  slag  was  less  than  in  that  which  at  the  same 
temperature  was  adequately  fluid.  I  have  only  been  able  to 
explain  various  facts  noticeable  in  the  behaviour  of  molten  blast- 
furnace slags  by  the  solubility  for  free  lime.  The  contents  of 
free  lime  shows  that  in  the  case  of  our  lime-basic  blast-furnace 
slags  there  can  be  no  question  of  a  compound  R^SiO^,  even 
though  their  constituents  approximate  to  the  formula  (BO^^SiO^. 
••  In  the  case  of  a  slag  containing — 

SUica 3418 

Ferrous  oxide 1*14 

MftDganoiis  oxide -    3*98 

lime 89*26 

Alumina 16*73 

Magnesia 2*32 

Galoiam  sulphide 4 '23 

if  as  much  of  the  lime  as  possible  is  extracted  by  means  of  a 
suitable  sugar  solution,  one  obtains  for  39  SiO,  37  GaO,  whence 
it  follows  that  the  quantities  approximate  sufficiently  accurately 
to  the  equivalents,  and  that  the  silicate  of  our  lime-basic  blast- 
furnace slags  is  the  lime  silicate  GaO.SiO^,  and  further,  that  it 
is  of  the  type  of  carbonic  acid,  being  derivable  from  the  acid 
H^SiOj." 

This  view  of  Hilgenstock's  is  contrary  to  that  derived  from 
microscopic  examination,  and  it  therefore  becomes  necessary  to 
examine  whether  his  views  are  accurate  or  not.  In  the  first 
place,  the  existence  of  the  meta-silicic  acid,  as  well  as  of  the 
ortho-acid,  is  known  with  certainty,  since  there  are  not  only 
numerous  silicates  corresponding  to  it,  but  the  free  acid  itself  is 
also  known.  It  appears,  therefore,  to  be  at  least  very  probable 
that  the  slags  may  contain  ortho-silicate.  On  the  other  hand, 
the  conclusion  that  in  slags  the  silica  can  only  be  combined  with 
lime  appears  very  doubtful,  as  numerous  distinctly  defined  double 
silicates  are  well  known,  and  therefore  the  possibility  of  the 
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formation  of  other  silicates  can  at  least  not  be  disputed.  It  may 
at  once  be  admitted  that  the  silica  shows  greater  combining 
power  for  lime  than  for  feiroos  oxide,  manganoos  oxide,  alumina, 
&C.J  but  in  accordance  with  the  laws  of  masses,  it  is  certain  that^ 
in  the  presence  of  all  these  bases,  silica  mnst  be  combined  not 
only  with  lime,  but  with  all  these  bases  (in  accordance,  on  the 
one  hand,  with  the  relative  degrees  of  affinity,  and  on  the  other 
with  the  mass  ratios).  The  other  bases  can  consequently  cer- 
tainly not  be  disregarded.  If  for  the  above-mentioned  slag  the 
oxygen  ratio  is  calculated,  one  obtains — 


SUioa 

FeiToui  oxide  . 
lianganoiu  oxide 
Lime 

Alnmina  . 
Bfagneda  . 
CAloinm  inlphide 


Per  Gent 

3418 

114 

3-93 

39-26 

1673 

2-82 

4-23 


Per  Cent, 
containing  oxygen =18 '21 =# 


0-25 
0-87 
11-22 
7-87 
0-88 


=2114=6 


Acid  oxygen 
Banc  oxygen 


According  to   Hilgenstock's  view,  the  slag  must  contain   a 
silicate  of  the  composition — 


SiO, 
CaO 


Per  Gent. 
.    3418 
.    31-61 


Per  Cent 
containing  oxygen =18*21 
911 


66-79 


iu  which  are  dissolved — 


Per  Cent. 

Per  Cent 

Freeliode  . 

.      7-66 

containing  oxygen =2*11  "^ 

Fen-oiu  oxide    . 

114 

0-25 

Manganout  oxide 

3-93 

0*87 

Magnesia   . 

2-82 

0-93 

Alumina    . 

1673 

7-87 

Calcium  lulpbide 

4-23 

„          ...  - 

=12-03 


while  according  to  the  formula  above  stated   the  composition 
of  the  slag  would  be : — 

817(RO)j.SiO,+2-92(RO)3.SiOj 

the  possibility  of  the  formation  of  sesqui-oxides  being  left  out  of 
the  question. 


•       •  1     •  ■ 


•>•      •  •  -I 
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II. — Phosphate  Slags. 

In  this  case,  too,  we  will  first  consider  the  various  phosphoric 
acids  so  far  as  they  are  yet  known.     These  are  as  follows : — 

Ox. 
2.  Basic  or  mcto  phMphorio  acids HsPOs     or         >P— O—H 

/O-H 
8.  Basic  or  or<^  phoiphorio  acid =HjP04    or    0=P^O— H 

No— H 
H-0\  ^/O-H 

4.  Basic  orpyro  phosphoric  acid  sH^PaO?     or    h— o/^  ||  ||\0— H 


0-H 


a  Basic  (pyro)  phosphoric  acidsHgPsOs*    or    h— O-t-^"^*"  v—O— H 

H— O^  \0— H 

Of  this  latter  acid  there  is  only  known  the  tetra  calcium  phosphate 
occurring  in  basic  slag  and  Wiborgh's  phosphate,  CajNa^HjO^ 

From  meta  phosphoric  acid  the  following  polymeres  are  de- 
rivable : — 

Meta  phosphoric  acid—       ^  P— O— H 

Di-meta  phosphoric  acid—  /^v  /^X 

H-O/     Xo/     \0-H 

Trl-meta  phcphoric  -«l-H_oXo>T<a>^'\a 

o 

i 

Teira-meta  phosphoric  acid  - 

H-0^  ^0/|  M)M   XK     \0— H 


Q-H 
O 


'  KuHnmnu  ajtHiimes  tor  tlits  cuiisiiiution  of  oilciuni  phosphate  the  formula— 

Ci<        >P— 0-Oa-O— Ca-0-P<^     >Ca 

\0-^  II  II  \o^ 


o  o 
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Per  Gent 

PjO, 38-51 

CaO eO-08 

SiO, 010 

Thej  were  all  colourless,  and  contained  less  inclusions  than 
those  derived  from  basic  slag,  these  latter  constantly  appearing 
opaque  or  coloured  brown  hj  metallic  oxides. 

In  basic  slags  the  phosphate  occurs,  it  is  true,  in  hexagonal 
prisms,  but  chiefly  in  the  tabular  form  of  the  rhombic  system,  as 
well  as  in  small  bright  blue  crystals  with  a  diamond-like  lustre, 
which,  according  to  Bticking  ^  and  Linck,  are  monoclinic.  The 
order  in  which  these  separate  out  is  the  following : — 

(1.)  Rhombic  tabular  crystals.  These  separate  out  at  the 
highest  temperatures  reached. 

(2.)  Hexagonal  prisms  (acicular  crystals).  These  separate 
from  the  solution,  now  poorer  in  phosphoric  acid,  at  a  lower 
temperature. 

(3.)  Blue  lustrous  monoclinic  crystals.  These  separate  out 
still  later  than  the  above.  With  the  latter  crystals  appear  black 
fern-like  acicular  groupings  of  a  substance  which,  according  to  Stead 
and  Ridsdale.t  consists  of  calcium  ferrate  and  calcium  aluminate. 

This  probably  explains,  too,  how  it  was  that  in  the  crucible 
experiments,  in  which  the  temperature  of  the  converter  is  far 
from  being  attainable,  no  rhombic  tabular  crystals  were  produced. 

The  crystals  of  the  **  tetra-basic "  calcium  phosphate  show, 
without  exception,  considerable  quantities  of  inclusi<ms  of  foreign 
substances^  as  is  shown  by  the  following  analyses : — 

A. — Hejrah^iwl  Pritms. 


i\MMiil«Mi%a. 

\\A\ 

Wk> 

MkO 

>Vi\ 

>\v^ 

MhvV 

\\> 

5^.K\ 

S     . 

IN 

Al.iV 

* 

vV4«.V     ti«M     iVtl*^ 

S*e«^ 

Lmkr. 

IVi  Otiu 

fVffOst. 

PerOeat. 

>4-H 

ssm: 

36-77 

\-^> 

5S^»          1 

'           58-51 

0>« 

0*40 

4i!.=s 

1-T8 

*iV 

IMS 

ra 

5^ 

M<W» 

3«1 

#-*• 

tnee 

1« 

iSN:.|^*4\  tXM.edL 


« 
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produced  in  the  blowpipe  fljame  exerts  an  influence  as  well  as 
the  ordinary  action  of  the  oxygen  of  the  air  on  other  coostitaents 
contained  in  the  basic  slag.  Probably  there  is  prodnoed  at  the 
same  time  CaO.FeO  or  CaO.Fe,0,.  FeS  and  MnO-FegO,  can 
also  play  a  part  in  this  change  (2CaO  +  2FeS  +  O  =:  2CaS  + 
Fe,0,  or  2CaO  +  MnO Je,0,  +  O  =  CaO.Fe,0,  +  CaO-MnO^).  It 
is  not,  however,  only  the  CaO  split  off  &om  the  Ca^P^O^  which 
passes  into  insoluble  componnds,  bat  also  the  free  lime  that  was 
there  from  the  very  beginning. 

Of  the  other  constituents  occurring  in  basic  slag,  mention 
shall  be  made  in  connection  with  the  oxide  slaga  In  the  mean- 
time it  will  be  enough  to  point  out  that  the  calculation  of  the 
composition  of  basic  slag  is  made  by  first  calculating  the  tetra 
calcium  phosphate  from  the  percentage  of  phosphoric  add  present, 
and  then  calculating  the  remainder  as  a  silicate  or  oxide  slag. 

£XA]fFLBB. 


A.—Bagic  Opm-Hearth  Sag. 


SiO,    . 

PA  . 

.        .     13-90    . 

1«> 

AlA. 

t^    . 

*» 

»t 

1-81 

FeO    . 

.    M-6S    . 

•» 

99 

5-4T 

MttO  . 

.    10^    . 

99 

»* 

S*S4 

CuO    .        , 

.   sd-so  . 

99 

«» 

U-27 

M«0   . 

.        .      5^    . 

1» 

99 

MO 

The  1*30  oxygen  of  the  phosphoric  add  ctnresponds  to  1-30  x 

0-80  =  IHH  oxygen  in  the  lime  (which  gives  —  =  0-26  molecule 

of  Ca^PjO^X     We  have  thus,  after  deduction  of  the  oxygen  in 
the  calcium  phosphate — 

PierOcftt 

OxTfcaiaSKH 7^=« 

,.        AljO, l^\ 

FeO S^C 

„       UsO rM    Sl-e5=6 

„       CuO 10« 

«        JkO 2«i 
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To  the  0-213  of  oxygen  in  phosphoric  acid  0*16  lime-oxygen 
corresponds.     There  consequently  remains — 


Oxygen  in  SiO) 

AljOs 

FejO, 

FeO    . 

MnO 

OaO     . 

MgO    . 


1=0-61 
o 

MgO+Mnq+FeO_5.37 
CftO 


The  slag  consequently  consists  of — 


Per  Cent. 
12-66=1 
0-6S 
077 
316 
6-46 
3-06 
6-76- 


6=20-83 


0*04  nioleoale  oalcium  phcwphate. 
6*33  moleoolea  olivine. 
0*47  molecule  apinell  and  magnetite. 
5*29  rooleonlea  free  BO  baiea. 


D. — Basic  Bessemer  Sing, 


Per  Cent. 

Per  Cent. 

SiOj 

.    1171    . 

.    containing  oxygens  6*24 

P,0.       . 

.     18-16    . 

10-28 

A1,0,      . 

.      IDl    . 

0-47 

Fe,03      . 

.      278    . 

0-88 

FeO 

.      719    . 

1*60 

MnO 

.      4-06    . 

0-91 -0  06=0-86 

CkO 

.    48-19    . 

1377 

MgO 

6-88    . 

2-50 

S     .        . 

.      8-09    . 

con 

responding  to  oxygen  =  0*06 

8'15  lime-oxygen  corresponds  to  the  10*23  PjOg  oxygen  (2*05 
Ca2P209),  and  there  consequently  remains — 


Per  Cent. 

Oxygen  in  SiO, 6;24=#. 

AI2O8 0-47^ 

Fe^s 0-83 

FeO 1-60 

MnO 0-86 

CaO 6-69 

MgO 2-60 

T=0-63 


11-85=6 


M«q+MnO+FeO 
CaO 


=0-89 
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If  the  MnO  is  not  adequate  to  combine  with  all  the  PsOgy  FeO 
probably  takes  a  part 

While  it  has  with  certainty  been  shown  that  in  phosphate 
slags  only  the  calcium  phosphate  Ca^PjOg  occurs,  views  vary 
as  to  the  PeO  and  MnO  phosphate  present.  Some  believe  that 
these  are  3-basic,*  and  consequently  correspond  to  the  formula 
MngPjOg  and  FcsP^Og,  while  others  here  too  consider  that  the 
tetra-basic  phosphates  t  Mn4P209  and  Pe4Pj09  occur. 

Fortunately  this  affects  the  slag  calculation  but  little.  One 
finds  in  the  first  place  the  quantity  of  base  oxygen  corresponding 
to  the  PjOg  oxygen  by  multiplying  the  latter  by  the  factor  0-6, 
while  in  the  second  case  one  must  take  the  factor  0*8.  The 
number  of  molecules  of  phosphate  remains  in  this  unchanged, 
and  there  is  only  a  slightly  increased  quantity  of  residual  basic 
oxygen  for  the  silicate  in  the  first  instance.  An  example  will 
make  this  clear,  and  for  this  we  will  select  the  first  of  the 
analyses  of  puddling-f urnace  slags  given  above : — 

Percent. 

Oxygen  in  SiOs 8*92 

Fe,0, 4-SO 

FeO 7-62 

MnO 51» 

CaO 0-88 

MgO 0-28 

PsOs a-si 

The  0*38  of  lime-oxygen  is  corresponded  to  by  0*48  P%0^ 
oxygen.  There  consequently  remains  to  combine  with  BO  bases 
2-62 -0-48  =  214  of  PjOg  oxygen.  If  we  in  the  first  place 
assume  that  here  too  tetra-  or  octo-basic  phosphates  are  formed, 
the  2*14  of  PjOj  oxygen  corresponds  to  1-71  of  RO  oxygen,  and 
there  remains —  ^ 

Per  Cent. 

Oxygen  in  SiO, 8^92=1 

FejOs 4•80^ 

FeO 7-52 1  _^    ^ 

„         MuO 4-22  [^^•^=^ 

I^IgO 0-2SJ 

'=0-58 

n 


•  Or  rather  6-b«sio. 

t  Or  more  aocurately  S-basic 


M^ 
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of  (BO)3.S,02,  cannot  be  disputed,  as  can  be  represented  by  the 
following  constitution  formulsd : — 


0=A1    -    A1=0  .Ov  /Ox 

\         /  C»<      >Fe    -    Fe<^      >Ca 

For  the  assumed  compound  (CaO),Fe304  the  following  formula 
would  apply : — 

0»<'    V«    -    Fe    -    Fe=0 

o    o    o    o 
Oft         cC 

It  is,  however,  just  as  possible  that,  as  a  matter  of  fact,  corre- 
sponding to  spinell,  only  the  compound  RO.R2O3  exists,  which, 
however,  may  crystallise  with  excess  quantities  of  £0  and  BfO,. 
To  the  latter  assumption  support  is  given  by  the  occurrence  in 
nature  of  the  magnetic  iron  ores,  &c.,  in  which,  as  compared  with 
the  formula  RO.B2O3,  both  monoxide  bases  and  sesquioxide 
occur  in  excess. 

To  be  able  to  form  any  definite  judgment  on  this  point  de- 
tailed investigations  are  necessary,  especially  of  the  fusion  curves 
of  such  slags.  In  the  meantime  it  will  suffice  for  practical 
purposes  to  consider  these  slags  as  mixtures  (or  solutions)  of 
RO.II2O3  and  RO  (or  respectively  RjOg.) 

It  need  not  be  pointed  out  that  in  these  slags,  in  addition  to 
the  above-named  compounds,  small  quantities  of  phosphates, 
silicates,  and  sulphides  may  also  occur. 

A  special  class  of  oxide  slags  occurs  in  iron  alloys  under 
certain  conditions  in  the  form  of  inclusions.  Their  characteristic 
is  the  deficiency  of  sesqui-oxides  (accidentally  admixed  alumina 
being  disregarded).  This  is  owing  to  the  fact  that  they  are  at 
once  reduced  to  monoxides  by  the  excess  of  metal  near  them. 
These  inclusions  consist  of  mixtures  of  monoxides  with  silicates 
and  mono-sulphides.  Occasionally,  however,  the  silicates  are 
quite  subordinate.  The  inclusions  may,  of  course,  also  contain 
phosphates.  Examples  of  the  composition  of  such  inclusions 
are  afforded  by  the  following  analytical  results : — 


«    •  • 


s  » 


i 


t 


310  THE  CONSTITUTION  OF  SLAGS. 

The  following  slag  from  soaking  pits : — 

Per  Cent.  Per  Cent. 

SiOa       ....      3*14    containing  of  oxygen    1*67 


Total 


P205   . 

0-068 

0-089 

Fe,04 

.        .     2477 

6-83 

FeO       . 

.     68-31 

1618 

MnO      . 

1-W7 

0-282 

CaO 

108 

0-294 

MgO      . 

0-83 

0-332 

S    . 

0021 

0-0105 

99-216 


The  degree  of  silicification — 

=  1:^7  ^Q.Qj 

22-73        . 

From  this  the  mineralogi(;al  composition  of  the  slag  is  cal- 
culated to  be — 

Moleooles. 

Manganese  aulphide 0*011 

Calcinm  phosphate 0*008 

Gehlenite  (BO)3  (SiOs)i, 0*84 

Magnetite   .        .        .        . ' 171 

Free  RO  hases 13*48 

As  an  addendum,  attention  must  be  drawn  here  to  the  con- 
nection which  exists  between  slags  and  fire-resisting  materials. 
The  former  are  relatively  easily  fusible  solutions  in  one  another 
of  several  substances,  themselves  only  fusible  with  considerable 
difficulty.  Fire-resisting  materials  can  be  considered  as  the  more 
difficultly  fusible  members  of  the  slag  series.  This  purely  theo- 
retical relation  between  slags  and  refractory  materials  has,  how- 
ever, some  importance  in  practice.  Thus,  the  rule  is  derivable 
from  this,  that  only  such  refractory  materials  should  be  used  for 
furnace  construction  as  are  insoluble,  or  only  very  slightly  so, 
in  the  slags  that  will  be  produced  in  any  particular  smelting 
process. 
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built  up  from  water  and  a  salt,  or  from  two  salts  fused  together, 
or  from  two  silicates,  or  from  two  metals,  or  from  iron  and  car- 
bon. Therefore  the  point  of  view  of  the  phase-doctrine  embraces 
widely  different  problems. 

I  have,  therefore,  examined  the  problem  of  iron  and  steel 
from  this  point  of  view,  making  use  of  the  most  accurate 
numbers  obtained  by  Sir  W.  Roberts- Austen  in  his  recent  studies. 
Fig.  2  (Plate  XX.)  represents  the  results  of  my  study.  It  resembles 
in  many  respects  Fig.  1,  which  is  Roberts-Austen's.  In  fact, 
the  new  lines  that  are  introduced  principally  result  from  the 
knowledge  I  had  obtained  as  to  the  solidification  and  trans- 
formation of  solid  solutions,  which  enabled  me  to  give  a  better 
correlation  of  the  different  parts  of  the  figure. 

Let  us  consider  first  the  solidification  of  liquid  solutions  with 
0-2  per  cent,  carbon.  I  have  added  the  curve  Apra^  which  has 
been  traced  as  a  straight  line,  because  its  position  is  not  exactly 
known.  All  these  solutions  with  0-2  per  cent,  of  carbon  solidify 
to  homogeneous  solid  solutions,  but  the  process  takes  place  in 
the  following  manner. 

Take  a  solution  ;,  trace  the  horizontal  line  q  p,  then  p  repre- 
sents the  composition  of  the  first  crystals  that  separate  from  that 
solution.  They  mttst  contain  less  carbon  than  the  liquid.  The 
liquid  will  be  enriched  in  carbon,  and  its  temperature  of  solidi- 
fication is  thereby  lowered,  and  so  the  liquid  passes  successively 
from  q  to  8.  In  the  meanwhile  the  mixed  crystals  of  iron  and 
carbon  change  also  with  the  fall  of  the  temperature  from  j?  to  r, 
and  at  last  the  whole  solution  becomes  solidified  into  homo- 
geneous mixed  crystals  of  the  composition  r,  that  of  the  original 
liquid  being  q.  The  solidification,  however,  has  not  taken  place 
at  a  constant  temperature,  but  over  the  interval  qr. 

So  it  proceeds  until  the  point  a  is  reached,  which  indicates  the 
presence  of  2  per  cent,  of  carbon.  From  2-4*3  per  cent  of  carbon 
there  is  first  a  gradual  solidification  as  before,  untU  tbe  remain- 
ing liquid  has  reached  the  point  B,  and  the  crystals  have  reached 
the  point  a,  and  then  the  remaining  liquid  solidifies  at  a  constant 
temperature  of  IISO""  according  to  Roberts-Austen,  so  as  to  form 
what  I  like  to  call  a  conglomerate  of  carbon  and  mixed  crystals  of 
tbe  composition  a,  which  may  perhaps  be  2  per  cent,  of  carbon. 

At  IISO""  there  exists  by  contact  with  one  another  a  liquid 


•  • 


■  • 


•  •  • 


«     ■        I 


•      •      •  ■#  • 


«■   •     •      • 


••  «  •       ■    •       • 


314  IRON  AND  STEEL  FKOM  THE 

We  will  now  first  trace  the  history  of  the  mixed  crystals 
which  can  exist  beneath  the  curve  Ao.  I  have  changed  notiiing 
in  the  Roberts-Austen  lines  GO,  OS,  and  SE,  and  the  inter- 
pretation of  the  separation  of  j8  iron,  a  iron,  or  cementite  is  also 
accepted.  That  a  solid  solution  may  reject  one  of  its  com- 
ponents or  a  compound  just  as  a  liquid  solution  does  when  it  is 
cooled,  was  an  entirely  unknown  phenomenon  a  few  years  ago, 
but  it  has  now  been  demonstrated  in  some  cases  which  have 
been  the  object  of  researches  by  my  pupils. 

The  existence  of  three  allotropic  states  of  the  iron,  the  dis- 
covery of  which  we  owe  to  Mr.  Osmond,  is  not  exceptional.  The 
researches  of  later  years  have  so  multiplied  our  knowledge  of  the 
allotropic  forms  of  solid  bodies,  that  it  is  at  present  far  more 
peculiar  for  a  body  not  to  present  allotropy  than  to  do  so.  As 
regards  metals,  there  is  the  new  case  of  tin,  which  presents  a 
transition  point  at  20"*  C,  just  like  the  transition  point  of  y  into 
j8  iron  at  %9(f.  The  succession  of  three  such  states  in  iron 
is  no  longer  to  be  wondered  at,  for  ammonium  nitrate  shows 
four  of  them,  and  therefore  the  transformations  of  the  martensite 
crystals  with  0-0 '86  per  cent  of  carbon  only  admits  of  a 
rational  explanation  if  the  existence  of  the  three  varieties  of 
iron  are  admitted.  The  right  understanding  of  these  phenomena 
was,  however,  impeded  by  the  fact  that  no  analogous  pheno- 
mena were  known  to  occur  at  more  convenient  temperatures. 
I  have,  therefore,  pointed  out  the  complete  analogy  of  the 
lines  GO  and  OS  with  the  lines  that  represent  the  successive 
separation  of  the  different  modifications  of  ammonium  nitrate 
from  its  liquid  solution,  according  to  the  amount  of  water 
present.  The  same  phenomena  are  observed  in  the  separation 
of  solid  TINO3  or  AgNO,  from  their  fused  mixture. 

My  studies  on  mixed  crystals  led  me,  however,  to  consider 
also  the  possibility  that  the  )8  and  a  iron  also  hold  some  carbon 
in  solid  solution,  although  less  than  the  y  iron.  This  would 
give  some  complications  in  the  figure  G  0  S  P  which  it  is  difficult 
to  describe  briefly.  It  would,  however,  greatly  influence  the 
results  obtained  in  an  attempt  to  deduce  the  molecular  weight 
of  the  carbon  in  the  solid  solution  from  the  observed  lowering  of 
the  transition  point 

As  regards  the  iron-carbon  alloys  wiUi  more  than  2  per  cent. 
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have  led  me  to  accept  this  line  in  preference  to  the  lines  EK 
and  KL  of  Eoberts- Austen  and  of  Stansfield;  nor  can  I  sum 
up  the  considerations  which  I  have  adduced  to  explain  the 
many  anomalous  results  obtained  with  highly  carburised  iron. 
A  prominent  part  is  played  by  the  retardations  which  are 
possible  in  all  the  processes  of  transformation  which  occur 
during  cooling.  There  is  also  to  be  taken  into  account  the 
influence  which  retardation  has  upon  the  production  of  cementite 
during  the  period  of  solidification,  and  during  the  two  following 
periods  above  and  below  1000*. 

Again,  the  straight  line  PSK  at  690*"  is  also  wholly  in 
harmony  with  the  known  interpretation  that  it  gives  the 
transformation  of  the  residual  solid  solutions  of  0*85  per  cent, 
of  carbon  (point  S)  into  a  conglomerate  of  a  ferrite  and  cementite, 
which  is  known  by  the  name  of  pearlite.  To  the  right  of  S 
this  same  transformation  is  accomplished  at  the  same  tempera- 
ture in  martensite  which  is  accompanied  by  cementite ;  to  the 
left  of  S  it  is  accomplished  in  martensite  accompanied  by  a  ferrite. 
Therefore  690*"  is  analogous  to  a  eutectic  point 

As  to  the  possibility  of  passing  this  point  as  well  as  the 
curves  60,  OS,  ES,  in  abrupt  cooling,  and  thereby  preserving 
to  the  ordinary  temperature  the  y  state  of  the  iron  as  mixed 
crystals  or  solid  solutions,  I  have  nothing  to  add  to  this  way  of 
explaining  the  process  of  hardening. 

The  different  fields  obtained  in  Fig.  2  give  the  limits  of  con- 
centration and  temperature  for  the  most  prominent  of  the  phases 
that  appear  in  the  carbon-iron  system.  There  are  some  others 
about  which  our  knowledge  is  far  too  imperfect  to  make  it 
possible  to  indicate  their  place.  Only  in  the  case  of  austenite 
has  such  an  attempt  been  made,  but  the  position  austenite 
should  occupy  in  the  system  still  remains  highly  hypothetical. 

The  previous  endeavours  to  determine  the  molecular  weight  of 
carbon  in  the  solid  solution  may  be  re-examined  in  connection 
with  the  new  line  Aa,  and  possible  alterations  in  the  figure 
GOM.  The  results  of  such  an  examination  point  to  the  fact  that 
the  carbon  molecule  probably  only  contains  a  single  atom,  but 
it  cannot  be  decided  whether  the  carbon  is  free  or  is  present 
as  FcgC. 
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The  Solidification  of  Carburised  Iron. 

This,  as  was  stated  in  the  first  paper,  is  now  generallj 
admitted  to  be  closely  analogous  to  the  freezing  of  a  ^dina 
solution,  the  solids  which  sepcurate  being : — (1)  Iron  (in  the  y 
state),  containing  a  variable  amount  of  carbon  dissolved  in  it; 
(2)  graphite ;  and  (3)  a  eutectic  or  fusible  mechanical  mixture 
of  1  and  2. 

The  amount  of  carbon  which  is  held  in  the  state  of  solid 
solution  in  the  iron  depends  upon  the  amount  of  carbon  in  the 
fluid  solution  from  which  it  separated,  and,  until  the  saturation 
point  is  reached,  it  is  probably  roughly  proportional  to  it.  Pro- 
fessor Boozeboom  has  recognised  this  fact  by  the  addition,  in 
Fig.  2  of  his  paper,  of  the  line  Aa,  which  represents  the  pro- 
portion of  dissolved  carbon  in  the  solid  iron  which  separates  at 
any  temperature,  and  this  line,  and  other  analogous  lines  which 
will  be  found  in  his  paper,  enable  the  very  complicated  facts  to 
be  more  readily  interpreted. 

The  line  Aa  is  drawn  from  A,  the  freezing-point  of  pure  iron, 
to  a  point  a  on  the  eutectic  line  aBC ;  the  position  of  a  denot- 
ing the  maximum  amount  of  carbon  which  solid  iron  can  perma- 
nently hold  at  that  temperature  without  separation  of  ^rraphite. 
The  exact  position  of  a  has  not  yet  been  determined,  but  it  could 
probably  be  obtained  experimentally  by  cooling  a  series  of  pure 
carburised  irons  very  slowly  from  the  molten  condition  to  just 
below  1 130^  and  then  quickly  to  the  ordinary  temperature :  the 
proportion  of  carbon  for  which  graphite  just  began  to  separate, 
would  indicate  the  true  position  of  a. 

In  my  last  paper  I  placed  a  at  1*2  per  cent,  carbon,  as  Uiis 
was  the  point  at  which  the  formation  of  graphite  was  evident 
in  the  cooling  curves.  A  careful  consideration  of  the  progress  of 
solidification  as  described  by  Professor  Roozeboom  in  his  summaij, 
will  bring  to  light  the  important  fact  that  the  process  can  only 
take  place  as  he  describes  it  if  the  rate  of  cooling  is  very  slaw. 
Thus  in  his  Fig.  2,  tracing  the  solidification  of  a  liquid  having 
the  composition  q,  the  solid  which  separates  will  have  at  first  the 
composition  p,  but  as  the  composition  (and  temperature)  of  tltf 
residual  liquid  changes  from  q  to  s,  that  of  the  deposited  solid 
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outside.    The  average  composition  of  the  crystal  will  b 
p  and  r,  and  there  will,  therefore,  be  some  of  the  enrich 
remaining,  which  may  eventually  form  a  eutectic.     1 
evident,  therefore,  from  this  that  the  process  of  solidificr 
not  in  general  stop  at  the  line  Aa,  but  that  the  formatJL 
eutectic  alloy,  with  subsequent  separation  of  graphite,  | 
place  in  steels  containing  a  smaller  percentage  of  cai' 
corresponds  to  the  point  a  (which  is  about  1^  per  cent 
cent.).     In  proportion  as  the  rate  of  cooling  is  deer 
diffusion  of  carbon  in  the  solid  steel  crystals  will  make 
approximate  more  and  more  to  the  composition  r, 
equilibrium  has  been  established,  it  will  coincide  with 
whole  liquid  will  consequently  have  solidified,  a  fact 
capable  of  easy  arithmetical  demonstration.    In  a  true  ei 
curve,  which  Professor  Roozeboom's  Fig.  2  really  is,  th< 
line  Ba  will  stop  where  it  meets  the  line  Ao. 

In  view  of  the  above,  it  is  probable  that  the  position 
be  somewhat  to  the  right  of  that  given  in  my  last  pape 
was  1*2  per  cent  carbon.  The  position  assigned  to  it  by 
Boozeboom  (2  per  cent.)  is  probably  approximately  corj 
my  last  paper  I  advanced  the  hypothesis,  based  on  the  sL 
line  AB,  that  the  carbon  in  fluid  iron  was  monatomic, 
the  iron  which  solidified  contained  about  half  as  much 
the  liquid  from  which  it  was  formed.  This  would  giv( 
composition  2*1  per  cent,  carbon,  which  is  in  general 
with  the  2  per  cent,  suggested  by  Professor  Booze 
mouatomic  condition  of  carbon  in  molten  iron  is, 
supported  by  the  observation  of  Bamsay  that  the  meta 
alloys  are  monatomic,  carbon  here  playing  the  part  of  a 

The  following  equation,  which  is  a  modification  of  t 
Chatelier,  enables  the  exact  shape  of  the  line  Aa  to  b< 
from  that  of  the  line  AB,  provided  that  the  latent  heat 
of  pure  iron  be  known.  The  assumption  is  also  made 
carbon  is  monatomic  in  the  liquid  metal  In  a  somewl 
viated  form,  which  will  be  sufficiently  accurate  for  th 

purpose,  the  equation  is  2— (1— c)=  ^dT.      In  this 

X  is  the  number  of  molecules  of  iron  in  100  molecul 
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*  Journal  of  the  Iron  and  SUel  ImtituU,  1899,  No.  IL  p.  i; 
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Fig.  2.— Lower  portion  of  Fig.  1  x  1580  D. 


Plate  XXII. 


Fig,  3*— Upi«r  poitiou  of  Fig.  1k15H0  D. 


Fig.  4.— More  highly  carburised  iron,  containing  when  fluid  7  per  cent, 
carbon  and  3  per  cent,  silicon.  Combined  carbon  0*22  per  cent. 
The  section  shows  only  ferrite  and  graphite. 
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and  of  carbon  in  the  molten  alloy.  T  is  the  temperature  of 
solidification  measured  from  the  absolute  zero  (  —  273**  C),  and  c 
is  the  ratio  between  the  percentage  of  carbon  in  the  solid  and 
in  the  liquid  from  which  it  was  formed,  the  percentage  being 
reckoned  in  molecules.  X  is  the  latent  heat  of  fusion  of  one  gram 
molecule  of  iron.  Taking  Person's  value  of  20  calories  per  gram, 
it  becomes  1120.* 

The  result  of  this  calculation  places  a  at  about  2  per  cent., 
but  I  have  adopted  1-8  per  cent,  provisionally,  as  it  appears  to 
agree  better  with  the  evidence  obtained  from  other  sources.  The 
general  curvature  of  the  line  ka  is,  however,  obtained  by  means 
of  the  calculation ;  it  will  be  observed  that  it  has  a  somewhat 
stronger  curvature  than  the  line  AB. 

Turning  now  to  the  solidification  of  liquids  to  the  right  of  B, 
the  process  is  the  same  as  has  already  been  described,  except 
that  a  eutectic  alloy  is  finally  left  containing  about  4*3  per  cent, 
of  carbon.  This  solidifies  at  points  on  the  line  aB  forming  a 
mechanical  mixture  of  graphite  and  of  a  solid  solution  of  carbon 
in  iron  having  the  composition  a.  I  may  incidentally  observe 
that  the  true  meaning  of  a  eutectic  alloy  has  already  been  fully 
described  and  need  not  be  dealt  with  hera 

Passing  to  the  right  of  B,  an  excess  of  carbon  is  found  above 
the  amount  required  to  make  the  eutectic,  which  contains  4*3  per 
cent,  of  carbon.  This  excess  of  carbon  crystallises  out  as  graphite 
at  points  on  the  line  BD.  Professor  Boozeboom  asks  whether  this 
graphite  is  pure  carbon,  or  whether  it  too  is  a  solid  solution  of 
iron  in  carbon.  In  order  to  test  this  I  intend  to  determine  the 
amount  of  iron  in  a  quantity  of  "  kish "  which  separated  from 
a  rich  sample  of  carburised  iron  during  slow  cooling  from  the 
molten  state.  The  kish  had  previously  been  boiled  with  dilute 
hydrochloric  acid  to  extract  any  iron  that  might  be  mechanically 
entangled. 

There  will  still,  however,  be  some  uncertainty  whether  the 
iron  was  really  dissolved  or  only  mechanically  mixed  with  the 
graphite.  The  question  is  not  of  great  importance,  but  if  a 
series  of  determinations  of  the  amount  of  iron  in  graphite  were 
fonnd  to  give  concordant  results  it  would  appear  to  be  in  favour 
of  Professor  Eoozeboom's  suggestion. 

*  Robert!- Auiten  and  Stanifield,  Bxdl  Phys,  Congrm,  Parii,  1900. 
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With  r^ard  to  the  slope  of  the  line  BD,  it  must  be  remem- 
bered that  this  part  of  the  carve  is  somewhat  difficult  to  obtain 
by  the  ordinary  method  of  taking  cooling  curves,  as  the  heat 
evolved  by  the  separation  of  graphite  is  very  slight,  and  the 
extrusion  of  graphite  from  the  cooling  mass  renders  the  carbon 
percentage  of  the  original  fluid  metal  somewhat  uncertain.  If 
the  line  BD  is  prolonged  up  to  the  point  which  would  represent 
pure  carbon,  it  will  be  found  to  reach  a  temperature  of  at  least 
8000^  C.  We  do  not  know  at  what  temperature  graphite  melts, 
as  Moissan  has  shown  that  it  volatilises  without  any  sign  of 
fusion  at  the  highest  temperature  of  the  arc,  say  about  3000^  C, 
but  its  melting-point  can  scarcely  be  so  high  as  8000''  C.  This 
is,  however,  not  at  all  anomalous,  as  it  is  in  agreement  with  the 
fact  that  the  ideal  curve  is  not  in  general  a  straight  line,  bat  has 
one  or  two  points  of  curvature  which  would  probably  reduce  the 
melting-point  of  graphite  to  a  more  reasonable  temperature. 

Professor  Boozeboom's  question  whether  there  is  any  change 
in  the  character  of  the  separated  solid  as  we  proceed  up  the  line 
BD,  must,  I  think,  be  answered  substantially  in  the  negative,  as 
the  tendency  would  be  for  the  solid  to  become  more  and  more 
nearly  pure  carbon,  and  it  is  practically  pure  to  begin  with ;  we 
know,  moreover,  of  no  decided  change  in  the  phj^sical  nature  of 
graphite  until  it  reaches  the  temperature  of  the  arc,  at  which  it 
rapidly  vapourises. 

Changes  afier  Solidificaitofu 

In  the  lower  part  of  the  equilibrium  curve,  relating  to  solidified 
cast  iron,  it  will  be  seen  that  important  alterations  have  been 
made  since  my  previous  paper.  The  difficulty  in  obtainii^ 
these  curves,  by  the  usual  method  of  taking  cooling  carves,  has 
arisen  from  the  extreme  slowness  with  which  the  changes  occur 
in  the  solid  metal,  and  it  may  be  well  to  give  a  short  account 
of  the  different  stages  by  which  our  present  knowledge  of  the 
subject  has  been  gained.  When  the  dii^ram  was  first  published, 
in  1897,*  the  curve  SE,  which  shows  the  solubility  of  cementite 
in  pig  iron,  was  left  incomplete  at  B,  as  the  positions  of  points 
beyond  this  were  uncertain.     The  solution  theory  appeared  to 

*  Roberto-Auften,  Fourth  R«port  to  AUoyi  RMeareh  Oommittoeu    iVoc  /wC  MfdL 
ffn^.,  1897. 
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prolonged  annealing  on  carbonised  iron,  which  in  the  main  agree 
with  those  of  Dr.  Percy,  will  be  described  a  little  later,  as  they 
appear  to  raise  fresh  points  for  discussion. 

The  results  of  these  experiments  and  of  the  well  known  be- 
haviour of  richly  carbonised  iron  can  only  lead  us  to  the  belief 
that  not  only  does  the  graphite  not  combine  with  the  iron  on 
slowly  cooling  to  1050^  but  that  the  2  per  cent  of  carbon  which 
the  solid  iron  at  first  contained  is  rejected  as  graphite  and  not  as 
cementite,  if  the  metal  is  cooled  sufficiently  slowly.  In  other 
words,  we  are  confronted  with  the  highly  important  fact  that 
carbon  is  more  soluble  in  iron  when  it  is  presented  to  it  as 
cementite,  than  when  it  is  presented  as  graphite.  Several 
analogous  cases  are  known  among  aqueous  saline  solutions,  in 
which  the  dissolved  salt  can  separate  in  two  or  more  states; 
either  anhydrous  (corresponding  to  the  graphitic  state  of  carbon), 
or  containing  water  of  crystallisation  (corresponding  to  Fe^C). 
In  some  of  these  cases  either  form  of  the  salt  can  be  made  to 
separate  at  will  from  the  solution  by  placing  in  it  a  crystal  of 
the  desired  variety,  and  this  probably  throws  light  upon  the  con- 
ditions under  which  graphite  or  cementite  separates.  Normally, 
graphite  should  separate,  being  less  soluble  than  cementite,  but, 
as  was  explained  in  my  last  paper,  gn^hite  is  vexy  bulky,  and 
when  it  is  remembered  that  the  mass  from  which  it  separates  is 
solid,  it  will  be  evident  that  its  separation  &tmi  the  solid  will  be 
opposed  by  a  very  considerable  foroe :  con^itite,  therefore,  and 
not  graphite,  is  usually  found  in  steel  If,  however,  flakes  of 
graphite  have  separated  on  solidificaii<m,  as  in  grey  pig  iron, 
these  present  many  nuclei,  around  which  more  graphite  can  f<Hin, 
and  thus  relieve  the  mechanical  pressure. 

Professor  Roo^boom  in  his  papa*  takes  the  **  Phase-Rule  "  of 
Gibbs  as  his  guide,  and  it  may  be  well  to  ocmsider  the  subject 
from  this  point  of  view.  The  phase-rule  lays  down  in  ^Ikct  that 
in  a  system  such  as  that  of  the  carburised  irons,  in  which  two 
distinct  substances  (carbon  and  iron)  are  involved,  but  in  which 
certain  forms  or  phases  of  carbon  or  iron,  or  carbon*iron  solution, 
or  carbon^iron  compound,  are  present,  no  more  than  two  of  these 
phftses  can  exist  in  equilibrium  with  each  other  except  at  a 
particular  temperature. 

In  the  case  of  a  solution  of  salt  in  water,  this  wouM  mean 
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remembered  that  in  the  case  of  the  salt  solution  three  phases 
(salt,  ice,  and  solution)  could  exist  together  at  one  particular 
temperature.  In  Professor  Boozeboom's  Fig.  2,  the  analc^us 
temperature  at  which  cementite,  graphite,  and  solution  could 
exist  together  was  represented  by  the  point  E,  at  which  tiie 
solubility  curve  of  cementite  S£,  met  that  of  graphite  aE.  If, 
however,  as  I  think  we  must  admit,  the  solubility  of  graphite 
is  less  than  that  of  cementite,  throughout  the  range  of  tem- 
perature under  consideration  (900  to  IISO),  and  in  the  absence 
of  mechanical  pressure,  the  curves  cannot  meet^  and  there  can 
be  no  temperature  at  which  graphite,  cementite,  and  solid  solu- 
tion of  carbon  in  iron  can  be  in  equilibrium.  The  curve  of 
solubility  of  graphite  in  iron  has  been  dra¥m  provisionally  as 
aS\  because  it  must  pass  through  a,  and  the  expenments 
alluded  to  above  suggest  that,  at  somewhat  lower  temperatures, 
it  approaches  closely  to  the  line,  AO,  of  pure  iron.  As  r^ards 
the  general  shape  of  the  curve  it  is  drawn  roughly  in  accordance 
with  the  equation  of  Le  Chatelier,  and  I  believe  he  has  already 
suggested  that  tiie  curve  should  occupy  some  such  position.  It 
will  be  evident  from  what  has  already  been  said  that  the  posi- 
tion of  this  curve  could  not  be  detected  by  means  of  the  ordinary 
cooling  curves,  but  it  is  to  be  hoped  that  suitable  experiments 
will  be  made  to  obtain  its  correct  position  and  that  of  other 
parts  of  the  diagram  which  are  at  present  somewhat  uncertain. 

Equilibrium  Curves, 

When  the  evidence  with  regard  to  the  fusibility  of  metallic 
alloys  was  first  obtained  by  means  of  a  series  of  cooling  curves, 
the  point  or  points  of  solidification  of  each  alloy  were  plotted  on 
a  diagram  which  summarised  the  results  of  the  whole  series  of 
cooling  curves,  and  which  was  known  as  a  freezing-point  curve. 
The  term  was  retained  for  a  while  in  connection  with  the  carbon- 
iron  series,  although  many  of  the  points  there  represented 
denoted  changes  occurring  after  solidification.  A  more  compre- 
hensive term  was  therefore  needed,  and  I  think  that  the  term 
''equilibrium  curve,"  which  is  increasingly  used  by  fdliysicists, 
will  be  found  to  meet  the  case.  Not  only  does  the  new  term 
include  the  changes  that  occur  after  solidification,  but  it  alao 
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represents  with  a  magnification  of  56  diameters  a  portion  near 
the  edge  of  the  specimen.  It  will  be  observed  that  the  lower 
part  of  the  figure,  which  represents  the  superficial  portion  of  the 
specimen,  has  a  structure  which  is  entirely  different  from  the 
rest  A  photograph  of  this  portion  under  a  higher  power 
(1580  diameters),  Fig.  2,  shows  ferrite  with  veins  of  graphite 
runniug  through  it.  The  inner  portion  appears  in  Fig.  I  to 
contain  a  considerable  proportion  of  segregated  cementite.  A 
rough  determination  of  the  combined  carbon  by  colour  showed 
only  about  0*4  per  cent.,  and  under  the  high  power  objective 
this  portion  (Fig.  3)  appears  to  consist  almost  entirely  of  a  badly 
developed  variety  of  pearlite,  with  a  little  graphite  and  cemen- 
tite. How  can  the  different  structures  in  the  two  portions 
of  the  metal  be  explained  ?  It  can  scarcely  be  that  the  outer 
portion  has  been  decarburised  by  cementation  in  charcoal 
powder,  neither  can  we  suppose  that  much  more  carbon  has 
entered  by  cementation,  seeing  that  it  had  already  been  fully 
carburised  by  melting  in  contact  with  charcoal.  The  explanation 
which  appears  to  me  to  be  the  most  probable  one  is,  that  the 
mechanical  pressure  which  opposes  the  formation  of  graphite  in 
the  body  of  the  specimen  is  considerably  less  near  the  surface 
graphite  is  consequently  able  to  separate,  and  drains  the  com- 
bined carbon  facing  the  surrounding  iron,  leaving  almost  pure 
ferrite.  It  is  important  to  remember  that  the  state  of  equili- 
brium of  two  or  more  bodies  is  affected  by  the  pressure  to  which 
they  are  subjected,  as  well  as  by  the  temperature.  We  should, 
strictly  speaking,  have  a  succession  of  equilibrium  curves,  each 
corresponding  to  a  particular  pressure.  The  curves  of  Pro- 
fessor Eoozeboom  may  well  correspond  to  the  true  equilibrium 
of  carburised  iron  when  subjected  to  a  considerable  mechanical 
pressure,  and  that  of  Boberts-Austen  to  the  somewhat  mixed 
conditions  which  obtain  in  practice  when  both  the  temperature 
and  the  internal  mechanical  pressure  are  variable. 

SUMBiARY. 

The  general  conclusions  to  be  drawn  from  the  inquiry  appear 
to  be : — 

(1)  That  carbon  is  less  soluble  in  iron  when  presented  in  the 
form  of  graphite  than  when  presented  in  the  form  of  cementite. 
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CORRESPONDENCE. 

Professor  H.  Ls  Chatelibr  sent  the  following  communica- 
tion:— ^The  work  of  Mr.  Bakhuis-Boozeboom  on  the  conditions 
of  equilibrium  between  iron  and  carbon  is  of  the  highest 
importance.  It  is  the  first  time  that  this  question  has  been 
fully  and  fairly  met  in  all  its  details  in  a  rigorously  scientific 
manner.  Ultimately  the  work  that  remains  to  be  accomplished 
will  consist  in  evaluating  the  numerical  values  of  the  conditions, 
but  no  change  will  be  made  in  the  ideas  founded  on  them  and 
generally  accepted.  At  the  present  time  it  is  possible  to 
commence  the  revision  of  the  details  in  the  light  of  certain 
experimental  facts  which  were  not  known  to  the  author. 

1.  The  curve  AB  of  the  solidification  of  liquid  iron  given  as 
continuous  seems  rather  as  if  it  should  show  an  angular  point, 
according  to  the  experiments  of  Mannesmann  as  well  as  those 
more  recent  ones  of  Boberts- Austen.  This  point  corresponds 
to  a  temperature  of  1275''  G.  and  to  2*25  per  cent,  of  carbon. 
This  should  be  the  invariable  point  corresponding  to  the 
equilibrium  of  the  three  phases,  liquid  iron,  martensite,  and 
austenite. 

2.  Mr.  Bakhuis-Boozeboom  states  that  the  curve  A£  relative 
to  the  equilibrium  between  the  martensite  and  the  graphite 
cuts  the  curve  E^S  at  the  point  E.  That  is  impossible;  these 
two  curves  are  practically  parallel  and  the  curve  A£  tends  to 
intersect  the  bent  line  GOS  in  the  neighbourhood  of  the  point 
0.  The  line  E^S  along  the  whole  of  its  length  coitesponds  with 
unstable  equilibrium.  This  follows  from  the  observations  of 
Forquignon,  Arnold,  Osmond,  and  Boyston  on  the  production 
of  graphite  during  the  annealing  of  steel  and  iron.  The  experi- 
ments of  Mannesmann  show  that  towards  1Q(f  C.  the  saturation 
of  martensite  in  contact  with  graphite  corresponds  approximately 
with  a  percentage  of  0*5  of  carbon,  while  at  the  same  tempera- 
ture the  equilibrium  with  cementite  corresponds  to  a  percentage 
which  is  practically  double. 

3.  The  angular  point  S,  which  is  shown  by  Mr.  Boozeboom 
as  agreeing  with  previously  published  work,  ought  to  be  removed 
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and  to  be  replaced  by  a  small  element  of  corre  between 
two  adjacent  angtdar  points.  As  a  matter  of  fact,  the  writer 
has  shown,  by  measuring  the  dilatation,  that  the  phenomena  of 
recalescence  is  not  a  simple  one,  as  has  been  previously  con- 
sidered, but  ia  composed  of  two  successive  but  entirely  distinct 
phenomena.  Experiments  on  hardening  have  established  that 
pearlite  first  changes  to  troostite,  a  solid  solution  of  carbon, 
probably  magnetic,  and  afterwards  at  a  point  about  30^  higher 
the  troostite  is  transformed  into  martensite.  There  should 
therefore  be  a  branch  of  the  curve  corresponding  to  the 
equilibrium  of  troostite  with  the  martensite. 

On  the  whole,  and  in  fundamental  matters,  the  writer  is 
entirely  in  accord  with  Mr.  Bakhuis-Boozeboom  on  the  method 
of  representing  the  phenomena  of  equilibrium,  but  he  is  not 
convinced,  however,  that  it  would  not  be  of  interest  to  duplicate 
the  diagrams  in  order  to  render  them  more  easily  comprehensible 
by  people  who  are  less  familiar  with  the  phase  doctrine.  On 
one  and  the  same  figure  there  are  curves  representative  of  the 
composition  of  different  phases  of  the  liquid  iron  and  of  the 
martensite,  to  which  for  the  sake  of  completeness  the  curves  of 
austenite  and  troostite  will  also  have  to  be  added.  That  would 
make  it  too  complicated  unless  different  colours  were  employed 
to  differentiate  the  curves.  Such  a  course  would  give  rise  to 
difficulties  in  printing,  and  it  would  be  preferable  to  have 
distinct  figures  for  each  phase,  and  to  place  them  side  by  side, 
in  order  that  the  same  horizontal  line  in  each  will  show,  as  in 
the  author's  diagram,  the  composition  of  phases  in  equilibrium 
amongst  themselves.  The  writer  has  given  an  example  of  this 
method  of  representation  in  an  article  on  the  phase  doctrine 
published  in  the  Bevue  Oeneraie  des  Sciences  (vol.  x.  p.  759)  last 
year.* 

Among  the  consequences  of  the  theory  developed  by  Mr. 
Bakhuis-Roozeboom  there  is  one  which  requires  some  reserva- 
tions. He  indicates  that  iron  of  the  composition  represented 
by  the  point  g  would  first  give  crystals  of  martensite  lower  in 
carbon  shown  by  the  point  p.  In  consequence  the  iron  would 
become  richer  in  carbon  and  its  melting-point  would  be  lowered. 
This  is  rigorously  exact,  but  the  alteration  in  composition  and 

*  See  alio  Bulletin  de  la  SoeiiU  ctEficowragemeni^  vol.  rl  1900,  p.  66t 
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the  lowering  of  temperature  only  appears  at  the  point  repre- 
sented by  the  iron  a  corresponding  to  a  martensite  p  of  the 
composition  identical  with  that  of  the  iron  placed  above  it. 
This  conclusion,  exact  in  theory,  could  not  always  be  verified 
in  practice.  It  supposes  that  the  carbon  diffuses  in  the  marten- 
site  in  such  a  way  that  in  the  centre  of  the  solid  mass  the 
crystals  first  deposited  would  be  constantly  enriched  in  carbon, 
so  as  to  remain  always  in  equilibrium  with  the  liquid  iron. 
That  is  true,  provided  that  the  cooling  takes  place  very  slowly, 
so  as  to  permit  the  diffusion  of  the  carbon  through  the  solid 
mass.     If  the  cooling  is  not  sufficiently  slow,  the  composition  of 


the  iron  may  descend  below  the  point  s,  and  may  even  reach  the 
eutectic  B^  Matters  often  seem  to  progress  in  this  way,  as  is 
shown  by  the  appended  photograph,  which  is  magnified  700 
diameters.  The  white  triangle  is  the  eutectic  B^  All  around 
it  the  pearlite  is  much  more  condensed  than  at  a  small  distance 
from  it.  This  indicates  that  the  martensite  from  which  it 
originated  had  not  everywhere  a  uniform  composition. 


Baron  H.  von  JOptner  sent  the  following  contribution  to 
the  discussion  of  papers  by  Professor  Backhuis-Koozeboom  and 
Mr.  A.  Stansfield :— 


•        •  ■ 
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and  am  therefore  greatly  pleased  that  this  happy  result  has 
followed. 

In  the  present  paper  I  should  like  to  dwell  upon  several 
points  in  Boozeboom's  beautiful  work,  in  which  my  views  will 
be  set  forth  after  a  discussion  of  the  case,  and  also  to  touch 
upon  Stansfield's  new  and  interesting  publication. 

As  in  the  most  important  part  of  Boozeboom  s  paper  austenite 
was  not  taken  into  consideration,  in  the  present  paper  I  have 
chosen  the  less  definite  expression  "  mixed  crystals,"  instead  of  the 
expression  **  martensite  mixture  of  crystals/'  so  as  not  to  anticipate 
the  determination  of  the  boundaries  between  martensite  and 
austenite,  which  have  not  yet  been  definitely  determined. 

I.  Sequencb  of  Events  on  Solidification. 

1.  The  position  of  the  point  a,  which  naturally  determines 
the  whole  course  of  the  curve  Aa,  will  first  have  to  be  accurately 
determined  experimentally.  In  the  meantime,  this  point  in 
Roozeboom's  Fig.  2  can  quite  well  be  taken  as  accurate.^ 

According  to  the  original  data,  the  point  a  lies  at  1*2  per 
cent,  of  carbon.  If  one  considers  that  at  1130''  C.  the  quantity 
of  heat  liberated  must  become  proportionately  less  the  smaller 
the  quantity  of  mother-liquor  present  which  solidifies  at  this 
temperature,  so  it  is  always  possible  that  the  point  a  may  corre- 
spond to  an  even  smaller  percentage  of  carbon  than  1*2. 

On  the  other  hand,  it  is  also  possible  that  the  point  a  lies  to 
the  right  of  1*2  per  cent,  of  carbon,  since  on  solidification,  if  this 
does  not  take  place  too  slowly,  it  is  not  impossible  that  no  com- 
plete equalisation  of  the  amount  of  carbon  present  in  the  mixed 
crystals  separated  from  time  to  time  takes  place.  If  an  alloy 
with  less  than  4*3  per  cent,  of  carbon  begins  to  solidify,  mixed 
crystals  with  a  definite  but  lower  percentage  of  carbon  than  the 
melt  itself  are  separated.  In  this  case  the  residual  liquid  por- 
tion and  also  the  mixed  crystals  separated  from  the  same  at  a 
lower  temperature  must  contain  a  higher  percent^e  of  carbon. 

*  The  contrary  riew,  taken  by  Stanafield  in  his  paper,  *'  The  Preaent  Poaition  of  the 
Solution  Theory  of  Oarburiaed  Iron,"  Part  2,  I  cannot  at  present  take  into  conaidera- 
tion,  as  in  the  Le  Ohatelier  formulsa  used  by  him  the  details  of  the  data  are 
missing,  and  it  is  consequently  impoasible  to  prove  either  these  or  the  raodificalioiis  of 
them  introduced  by  SUmsfield. 
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in  which  expression  for  temperatures  between  1600*  and  1250*  C. 
^  is  approximately  equal  to  2. 

For  lower  temperatures  the  portion  remaining  fluid  at  the 
bend  in  the  curve  must  be  determined ;  the  calculation  then 
follows  according  to  the  equation 


Pi  =  Aj 


-6. 


in  which  ~^^  is  very  close  to  1*4. 

Though  the  values  of  a,  a^,  and  I  deduced  from  the  graphic 
construction  are  certainly  not  exact,  yet  an  accurate  calculation 
of  the  process  of  cooling  was  undertaken,  since  even  in  the  event 
of  inaccurate  data  the  general  course  of  the  separation,  and  with 
it  the  observed  curves  of  cooling,  remain  unaltered,  and  the  object 
of  this  calculation  was  only  to  show  to  what  extent  the  position 
of  the  solidifying  point,  the  proportion  of  matter  separated,  as 
well  as  the  heat  liberated  in  the  process,  underwent  alteration  on 
this  assumption. 

Between  this  extreme  case  and  the  other  of  complete  equalisa- 
tion, for  which  the  calculations  were  also  made  according  to  the 
directions  of  Eoozeboom,  the  actually  observed  value  must  lie,  its 
position  depending  upon  the  rapidity  of  cooling. 

(a)  Steel  vrUh  0*5  per  cent.  Carbon, 
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tive  proportions  of  the  substances  which  separate,  certain  other 
conclusions  may  be  drawn  as  to  the  curves  of  cooling  from  the 
formula  for  the  separation.  After  the  determination  of  the  real 
curves  of  cooling,  the  excess  of  heat  is  measured  which  the  sub- 
stance under  experiment  gives  in  consequence  of  its  change  of  state, 
compared  with  one  which  undergoes  no  similar  change ;  and  as  in 
all  cases  examined,  the  heat  of  fusion  of  the  substance  which  sepa* 
rates  is  the  cause  of  this  evolution  of  heat,  we  are  able,  under  the 
restricted  assumption  to  which  we  are  led  of  the  heat  of  melting 
being  but  slightly  variable,  to  put  the  evolution  of  heat  as  pro- 
portional to  the  quantity  of  material  separated. 

The  alteration  in  direction  which  a  curve  of  cooling  in  a  given 
interval  of  temperature  experiences  is  dependent  upon  the  quan- 
tity of  matter  which  separates  in  this  same  interval  of  tempera- 

dP 

ture,  and  can  be  expressed  by  ^^ 

The  greater  this  value  is,  so  much  the  more  sharply  must  the 
variation  of  the  curve  of  cooling  separate  from  that  obtained  for 
a  substance  which  cools  down  without  change  of  state. 

iiP 

From  the  values  calculated  for  ^  in  the  two  cases,  we  can  de- 
duce the  following.  The  commencement  of  solidification  corre- 
sponds to  the  maximum  of  the  alteration  of  direction,  and  even 
in  cooling  under  both  the  above  conditions  is  quite  sharply  marked. 
Referred  to  this  point  the  observations  can  scarcely  lead  to  error. 

The  value  of  ^  diminishes  with  the  temperature.  This  diminu- 
tion is  much  more  rapid  in  the  case  of  cooling  without  equalisa- 
tion of  carbon,  and  therefore  curves  must  result  which  give  no 
exact  impression  of  the  course  of  events ;  afterwards  the  devia- 
tions of  the  curve  from  the  normal  one  are  only  quite  trifling. 
But  even  in  the  case  of  complete  equalisation  of  carbon,  that  is, 
in  the  case  of  slow  cooling,  the  end  of  the  curve  is  very  indefinite. 
We  must  at  once  exclude  the  assumption  that  the  point  of 
change  in  the  curve  AB  given  by  Boozeboom  corresponds  to  a 

dP 

sudden  increase  in  the  value  of  ^     Since,  unfortunately,  custom 

does  not  permit  the  publication  of  temperatures  measured,  times, 
&c.,  but  only  the  curves  derived  from  these  observations,  I  am 
not  in  a  position  to  check  these  results.  Should,  however,  the 
experimental  results  afford  no  confirmation  of  this  assumption, 


•    •    •    • 


•         ak    ■  •  • 


•  •  « 


•  ■ 


•  •  ■ 


■  • 


340 


GORRBSPONDBNCI — ^BARON  H.  VON  JOPTNSR. 


quantity  of  the  alloy  dealt  with,  and  qr  the  quantity  of  graphite 
separated,  P,  and  therefore — 


i>=^= 


Jt-Ji)t9^_ 


Here,  again,  the  amount  of  graphite  separated  will  be  greatest 
at  the  first  moment  of  cooling,  and  will  diminish  by  further 
cooling. 

This  diminution  will,  however  (since  100  ^p  is  much  larger 
than  {t  —  t^  tqa\  be  so  small  that  we  can  assume  with  sufficient 
accuracy  that  the  separation  of  graphite  is  directly  proportional 


FIC.I. 


43%C 


p5fF 


IO0%C 


to  the  decrease  in  temperature.  Hence  in  the  case  of  iron- 
carbon  alloys  with  4*3  per  cent,  of  carbon,  the  point  of  the 
eutectic  temperature  will  be  less  sharply  marked  than  in  the 
case  of  alloys  containing  less  carbon. 

4.  Stansfield  *  has  brought  forward  the  hypothesis  that  about 
one-half  of  the  carbon  dissolved  in  iron  separates  on  cooling, 
and  nses  an  equation  of  Le  Chatelier's  modified  hj  himself. 
Unfortunately,  it  is  not  stated  where  the  original  formula  is  to 
be  found,  and  to  what  extent  the  modification  is  justified,  so 
that  in  this  case  any  discussion  is  impossible. 

♦  "The  Present  Position  of  the  Solution -Theorj  of  Carburiied  Iron **  (Journal  of  the 
Iron  atid  Sted  IfiHituU,  1889,  No.  IL  p.  168,  and  thU  Tolume,  p.  317). 
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It  therefore  appears  that  the  end-point  E  of  the  curve  aE 
must  be  placed  rather  more  to  the  left. 

Similarly,  Ledebur  found  that  a  white  pig  iron  which  originally 
contained  no  graphite  contained  after  heating  for  108  hours — 

Per  Cent. 

Temper  carbon ^*^l2*29pc 

Combined  carbon 074  f         ^* 

Silicon 0*87 

Manganese 0*10 

Since  0*87  per  cent,  of  silicon  is  equivalent  to  0'37  per  cent, 
of  carbon,  in  this  case  we  have  a  theoretical  amount  of  total  carbon 
of  2-66  per  cent,  which  is  certainly  higher  than  Roozeboom's 
limit  value  (1*8  per  cent),  but  the  quantity  of  separated  temper 
carbon  is  so  considerable  that  this  analysis  also  appears  to  favour 
the  shifting  of  the  point  E  previously  mentioned. 

As  we  shall  see  later  on,  the  separation  of  temper-carbon  in 
the  cases  we  have  dealt  with  may  be  referred  to  other  causes, 
so  that  the  position  of  the  point  in  question  may  well  be 
possible  at  1*8  per  cent  of  carbon.  Circumstances  to  be  dealt 
with  later,  however,  appear  to  indicate  that  the  point  should  be 
taken  for  a  lower  percentage  of  carbon. 

2.  According  to  Roozeboom,  another  change  takes  place  at 
about  1000"^  C,  in  which  the  graphite  enters  into  combination 
with  the  mixed  crystals  containing  1*8  per  cent,  of  carbon  to 
produce  a  carbide  (FCgC).  He  indicates  this  change  by  the 
horizontal  line  EH  drawn  at  about  1000**  C. 

As  a  matter  of  fact,  Roberts- Austen  has  found  in  two  experi- 
ments retardations  in  the  neighbourhood  of  this  temperature, 
viz. — 

With  27  per  cent  carbon  104(f  C. 
With  4*5  per  cent,  carbon  lOCKT  O. 

Further,  Osmond   and  Werth*   have   already   found    similar 
.retardations  in  very  different  classes  of  raw  iron,  as  follows: — 


*  Etudes  mekUiurffiqne  ;  Annale$  <Ua  Mines,  1888,  July- August. 
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III.  Changes  taking  Place  in  Iron  Alloys  Richer  in 
Carbon  between  about  1000**  and  690**  C. 

1.  The  facts  quoted  above  are  directly  opposed  to  the  assump- 
tions of  Roozeboom.  According  to  Stansfield,  in  iron  siloys 
containing  a  large  proportion  of  carbon,  either  graphite  or 
cenientite  alone  is  found,  while  the  other  of  these  two  con- 
stituents is  present  in  negligible  quantity.  This  agrees  com- 
pletely with  the  phase  rule,  since  the  small  quantity  of  ^e 
second  substance  is  easily  explained  by  considerations  of  retarda- 
tion. Stansfield  rightly  concludes  that,  under  the  conditions 
obtaining,  graphite  is  the  more  stable  form,  which  is  also  sap- 
ported  by  the  experiment  of  strongly  heating  cast  iron  which 
originally  contcdned  cementite  and  graphite. 

The  absence  of  graphite  in  most  kinds  of  steel,  even  af;er 
heating,  is  explained  by  him  (Stansfield)  as  follows: — A  solid 
solution  of  carbon  in  iron,  even  if  considerably  supersatu- 
rated, does  not  deposit  graphite  easily,  because  as  soon  as 
the  saturation-point  is  reached  cementite  at  once  separates. 
The  reason  for  this  is,  according  to  his  views,  that  the  presence 
of  graphite  (from  the  eutectic  alloy),  which  in  iron  alloys  rich 
in  carbon  assists  in  the  separation  of  graphite,  and  conversely  its 
absence  in  iron  solutions  containing  less  carbon,  acts  as  an  internal 
pressure  to  prevent  the  separation  of  graphite. 

2.  Stansfield  adduces  the  following  experiment: — Iron  was 
melted  together  with  charcoal  powd^  in  a  graphite  crucible  for 
two  days,  then  heated  for  one  day  at  a  temperature  below  the 
melting-point,  and  thiBn  allowed  to  cool  very  gradually.  The 
external  portion  contained  ferrite  mixed  with  veins  of  graphite ; 
the  internal  portion  (slightly  magnified)  appeared  to  contain  con- 
siderable quantities  of  cementite.  A  colour-carbon  determination 
gave,  however,  only  0*4  per  cent,  of  carbon;  under  a  higher 
power  the  main  portion  was  recognised  as  badly  developed 
pearlite  mixed  with  a  little  graphite  and  cementite. 

An  experiment  of  Ledebur's  throws  light  upon  this  point. 
He  heated  a  piece  of  cast  iron  containing  2*52  per  cent,  of 
carbon,  and  a  piece  of  malleable  iron  containing  0*16  per  cent, 
of  carbon,  both  being  well  packed  in  wood  charcoal  in  the  same 
crucible.     After  the  heating,  the  former  was  found  to  contain 
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slowly.  In  this  case  also  we  have  a  solution  of  carbon  in  iron 
in  contact  with  more  carbon  (viz.,  the  graphite  separated),  and 
the  dissolved  graphite  will,  in  the  course  of  cooling,  tend  to 
deposit  on  the  particles  of  graphite. 

The  active  force  is  in  both  cases  osmotic  pressure,  and  decar- 
burisation  takes  place  more  quickly  the  greater  this  force  is 
(that  is  to  say,  the  higher  the  temperature  and  the  greater  the 
concentration),  the  larger  the  surface  of  contact  between  the 
carburised  iron  and  the  graphite  (that  is  to  say,  the  greater 
the  quantity  of  graphite  already  separated).  On  the  other  hand, 
decarburisation  is  limited  both  by  the  temperature  and  by  the 
degree  of  saturation  of  the  iron. 

The  decarburisation  can,  of  course,  only  become  complete  and 
attain  a  condition  of  stable  equilibrium  when  the  cooling  is 
exceedingly  slow ;  yet  it  is  quite  certain  that  loss  of  carbon  must 
begin  immediately  the  smallest  quantity  of  graphite  appears  in 
the  alloy,  and  when  the  temperature  falls  so  far  that  the  iron 
carbon  solution  is  super-saturated. 

If  we  consider  that,  according  to  Roozeboom,  martensite,  even 
at  high  temperatures,  deposit*^  graphite,  represented  by  the  course 
of  the  line  aE,  then  it  is  clear  that  the  separation  of  graphite, 
which  takes  place  under  1000**,  wiU  be  represented  by  the  line 
aE  produced.* 

4.  In  order  to  determine  the  position  of  this  line  more  accurately, 
we  have  to  bear  in  mind  that  if  steel  is  heated  for  a  long  time 
to  a  sufficiently  high  temperature  it  deposits  its  temper-carbon, 
which  within  the  temperature-interval  mentioned,  viz.,  1000'' 
(or  1030*  C),  can  neither  pass  back  again  into  solution  nor  yet 
become  transformed  into  carbide.  Within  this  doubtful  zone- 
temperature  the  free  carbon  is  in  a  stable  condition.  From  this 
it  follows  that  the  curve  of  carbon-separation  mus  from  the  right 
at  the  top  to  the  left  at  the  bottom,  and  must  be  placed  to  the 
right  of  and  below  the  cementite  curve  SE.  t 

In  order  to  exactly  determine  the  position  of  the  curve  we 
will  endeavour  to  fix  two  points  upon  it.     The  point  E  must  be 

*  AMaming  that  temper-ciirbon  and  graphite  have  the  nme  ooeffldent  of  tolnhiUty. 

t  Stantfield  ha«  drawn  the  curve  (aS|)  abore  and  to  the  left  of  8S,  AooordiDg  to 
thia  aappoaitum  cementite  wonld  be  the  more  atable  oonditioD,  whieh  ia  oontnidieted 
hj  the  aboTe  fbqtt. 


«    • 


•  • 


•  •  • 


•  ■  ■ 


• 


348       CORRESPONDENCE — BABON  H.  VON  JOFTNER. 

to  have  a  kink.  Should  it  after  this  point  again  become  recti- 
linear there  are  two  possibilities  to  hand.  If  we  alter  Booze- 
boom's  line  EFy  on  the  grounds  preyiously  mentioned,  to  aboat 
1030''  C,  the  line  of  cementite  separation  will  cut  it  at  1*5  i>er 
cent,  of  carbcn  (instead  of  1*80  per  cent.).  On  the  other  hand, 
if  we  take  the  change  martensite  +  graphite  =  cementite,  and 
continue  the  curve  of  the  separation  of  cementite  through  this 
point  of  change,  and  through  the  nearest  point  determined  by 
Soberts- Austen,  and  we  reach  the  temperature  ISOO""  at  about 
1*7  per  cent,  of  carbon.  This  would  indicate  that  between 
1000**  and  1030**  C.  the  cementite  was  the  stable  condition, 
whilst  below  lOOO"*  the  graphite  would  be  the  more  stable. 
With  respect  to  the  point  experimentally  determined  by  Boberta- 
Austen,  we  prefer,  until  more  experimental  results  are  obtained 
to  assume  the  latter. 

6.  The  lines  PO,  MO,  OS,  8JS,  and  P8  represent  the  con- 
ditions of  equilibrium  existing  between  iron  and  carbide  of  iron ; 
the  conditions  of  equilibrium  existing  between  iron  and  carbon 
must  be  altogether  similar.  JSS  we  have  already  determined 
with  a  fair  amount  of  accuracy.  From  the  various  studies  made 
of  cementite,  it  appears  that  the  eutectic  point  S^  at  this  same 
temperature  (690*")  lies  near  the  point  S,  so  that  for  the  present 
we  can  take  the  eutectic  line  PSK  as  being  the  same  for  both 
states  of  equilibrium.  The  points  0  and  M  must  remain  the 
same,  so  that  we  can  well  attempt  to  represent  the  curve  of 
ferrite  separation  connected  with  them  by  means  of  the  lines 
GOp  JfOj,  Oj^S^  (Fig.  2 ;  in  which,  of  course,  the  position  erf  the 
point  0^  is  quite  hypothetical). 

The  course  of  the  curves  thus  drawn  corresponds  with  the 
assumption  that  the  condition  of  equilibrium  represented  in  this 
manner  is  less  stable  than  that  corresponding  to  the  curves  of 
Roberts-Austen.  In  any  case,  the  results  of  further  experiments 
must  be  waited  for  before  the  positions  of  these  lines  can  be 
more  accurately  fixed. 

7.  The  conditions  of  the  non-formation  of  cementite  whioh 
occur  during  very  slow  cooling,  and  whioh  have  already  been 
considered,  also  explain  the  formation  of  temper-carbon  by  the 
long-continued  heating  of  steel.  On  sufficiently  long  heating, 
either  a  direct  isothermal  conversion  of  cementite  into  graphite 
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are  far  too  incomplete  to  be  sobjected  to  criticism;  but  the 
importance  of  austenite  in  getting  a  dear  view  of  the  conditions  of 
equilibrium  must  be  fully  recognised,  since  previous  considerations 
having  shown  what  an  influence  the  conditions  of  cooling  produce 
on  the  state  of  equilibrium  at  higher  temperatures,  that  similar 
.  conditions  must  obtain  in  the  case  of  lower  temperatures. 

VII.  Influence  of  Various  Cooling  Processes  on  the 
Conditions  of  Equilibrium. 


■l  -1  -1  -1 1 

A 

FIC. 

2.« 

V 

s. 

\ 

~\ 

\ 

x. 

s 

D 

\ 

V 

pv 

.y 

y 

l«WW 

s 

< 

K-. 

"^ 

-*v 

y 

I 

■  I  HA* 

i\ 

^*^ 

.  J 

1100 

> 

■"*^ 

^ 

r 

E 

..... 







V 

■MfeA* 

/ 

1000 

J 

V 

IB 

r 

•nn* 

K 

% 

800 

no' 

M 

ron! 

^^ 

/ 

-^ 

^ 

/ 

K 

no* 

S 

s. 

1 

1 

1 

0       0 

!b    I 

•0       1 

•6       2 

«       9 

^      V 

0      s 

4      4 

0      i. 

«     s 

-0       % 

« 

The  curves  already  considered  have  been  obtained  by  the 
consideration  of  an  ideal  stable  equilibrium,  which,  in  the  case  of 
iron  alloys,  can  be  obtained  in  practice  only  with  the  greatest 
diflBculty  by  extremely  gradual  cooling.     From  consideration  of 

*  Thii  figure  depencU  upon  the  points  previoudy  determined.  In  oases  where  seTeral 
possibilitiei  are  present,  only  one  is  considered,  for  the  sake  of  clearness.  The  stable 
conditioDS  are  drawn  in  lines,  the  meta-stable  (transitional)  ones  in  dashes,  and  the 
somewhat  doubtful  line  of  change,  EF  (corresponding  to  E%iF\\Y  merely  dotted. 
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the  curves  AB  and  Aa^  we  have  already  seen  how  through 
quick  cooling,  which  prevents  the  complete  equalisation  of 
carbon  between  the  mixed  crystals  separated  at  different  tem- 
peratures, alterations  take  place  in  the  relative  proportions. 

In  the  case  of  sufficiently  quick  cooling,  the  soUdifying-point 
B  will  be  moved  to  B^,  by  which  the  position  and  constitution  of 
the  eutectic  point  must  also  be  moved. 

If  the  cooling  is  gradually  continued  till  everything  has  solidi- 
fied, the  solid  mass  consists  of  a  mixture  of  mixed  crystals  having 
the  composition  a  and  of  graphite,  and  by  further  continued  and 
more  gradual  cooling  the  separation  of  graphite  takes  place  along 
the  line  aS^,  At  the  temperature  S^  the  remaining  martensite 
can  be  changed  either  into  a  mixture  of  iron  and  cementite  or  a 
conglomerate  of  ferrite  and  graphite. 

Should,  however,  the  complete  soldification  have  been  lowered 
by  quick  cooling  to  the  line  B^F^^  the  result  of  this  procedure 
will  probably  be  (at  least  in  the  case  of  not  more  than  about  5  per 
cent,  of  carbon)  not  a  mixture  of  mixed  crystals  having  the  com- 
X>o8ition  a  together  with  graphite,  but  a  conglomerate  of  mixed 
crystals  having  the  composition  B^  together  with  cementite.  On 
further  (quicker)  cooling,  no  graphite  separates,  but  only  cemen- 
tite (along  the  line  B^mS).^ 

If,  on  the  other  hand,  as  has  previously  been  assumed,  the 
solidification  follows  a  course  corresponding  to  the  line  aC — 
that  is  to  say,  slowly — and  if  from  this  point  further  cooling 
takes  place  at  a  medium  rate  of  speed,  then  it  follows  that  with 
a  low  percentage  of  carbon  (under  1*4),  the  graphite  separation 
takes  place  along  the  line  aB^^,  and  the  cementite  separation 
along  the  line  B^/mS ;  or  with  a  still  lower  percentage  of  carbon, 
ferrite  separation  along  the  lines  00  and  OS.  Should  the  cooling 
take  place  more  rapidly,  the  separation  of  cementite  and  of 
ferrite  does  not  take  place,  and  we  have  below  PSK  martensite 
produced  (hardened  steel). 

We  must  not  lose  sight  of  the  fact  that,  just  as  by  the 
equilibrium  between  iron  and  iron  carbide  along  the  line  PSK, 
martensite  is  changed  into  pearUte  (a  mixture  of  ferrite  and 
cementite),  so  by  the  equilibrium  between  iron  and  carbon,  the 

*  On  vtrj  fpnAvLtl  cooling  graphite  (or  temper-oarbon)  would  bo  capable  of  MiMffation 
onlj  below  £». 
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conversion  of  martensite  into  a  mixture  of  ferrite  and  graphite 
is  conceivable.  Whether,  and  under  what  conditions,  this  pro- 
cess is  capable  of  realisation,  further  experiment  will  show. 

The  sequence  of  events  on  heating  is  naturally  the  re- 
verse of  those  on  cooling.  Thus  heating  to  a  little  over  690° 
suffices  to  convert  steel  hardened  (that  is  to  say,  containing 
martensite),  if  followed  by  slow  cooling,  into  steel  containing 
pearlite. 

If  steel  containing  separated  cementite  is  heated,  then,  as  has 
been  seen  previously,  one  of  two  things  must  take  place ;  either 
the  cementite  may  be  converted  isothermally  into  graphite,  or 
else  it  may  go  into  solution,  whence,  on  slow  cooling,  it  may  be 
again  separated  as  cementite,  as,  in  consequence  of  the  presence 
of  such  small  quantities  of  cementite,  the  separation  of  this  form 
is  necessitated. 

In  this  case,  the  separation  of  carbon  can  only  take  place  if, 
on  heating  the  temperature,  £^  has  been  attained.  Whether 
this  is  really  the  case  depends  upon  the  circumstance  whether, 
at  the  first  moment  of  solidification,  graphite  or  cementite  is 
separated.  The  case  is  then  quite  analogous  to  the  behaviour  of 
a  solution  of  sodium  sulphate,  which,  according  to  whether  it  is 
brought  into  contact  with  crystals  of  Na^SO^,  lOH^O,  or  Na^SO^, 
TH^O,  separates  different  salts  from  the  same  solution. 

After  our  yiews  of  metallic  alloys,  and  especially  of  iron^oarbon 
alloys,  have  been  so  greatly  extended  by  means  of  theoretical 
and  physical  chemistry,  the  experimentalist  comes  onoe  more  to 
the  front,  in  order — it  may  be  by  means  of  a  fundamental  study 
of  curves  of  cooling,  of  dilatation,  &c.,  or  through  the  application 
in  this  direction  of  various  chemical  and  microscopical  researches 
— to  determine,  so  far  as  possible,  the  exact  position  of  various 
points  of  change  and  curves  deduced  from  them,  and  also  the 
numerical  data  that  these  give  rise  to. 

These  experiments  must  certainly  be  frequently  repeated 
under  varying  conditions,  especially  as  regards  time,  since  it  is 
very  possible,  especially  in  the  chemist^  of  iron,  that  meta-stable 
(transitional)  conditions  occur,  and  only  expmments  freqaently 
repeated,  and  extending  over  a  long  period  of  time,  will  yield  a 
satisfactory  result 
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line  SE,  and  there  would  be  a  quantity  of  free  cementite.  If 
now  the  line  oS',  which  shows  the  solubility  of  free  carbon  in 
iron,  lie  to  the  Z«/i5  of  SE,  as  I  have  drawn  it,  it  is  evident  that 
the  iron  containing  1*1  per  cent,  of  dissolved  carbon  would  be 
supersaturated  with  respect  to  free  or  temper  carbon,  and  that  if 
sui&cient  time  were  allowed,  and  the  conditions  were  otherwise 
suitable,  free  carbon  would  separate  from  the  iron  until  the 
latter  only  contained  about  0*5  per  cent,  of  carbon  as  indicated 
by  the  line  aSf.  The  iron  would  then  be  in  a  condition  to  dis- 
solve some  of  the  free  cementite,  and  these  processes  would  con- 
tinue until  the  whole  of  the  free  cementite  had  been  replaced  by 
free  carbon. 

This  argument  appears  to  me  to  show  that  any  temperature  at 
which  free  carbon  is  more  stable  than  free  cementite,  the  curve 
aS\  denoting  the  solubility  of  free  carbon,  must  lie  to  the  left  of 
the  curve  SE,  which  denotes  the  solubility  of  cementite. 

I  should  have  been  glad  if  Baron  von  Jiiptner  had  pointed 
out  the  flaw  in  this  argument,  as  he  appears  to  arrive  at  a 
diflferent  conclusion.  Perhaps,  however,  the  wording  in  my  paper 
was  not  quite  clear,  and  has  thus  led  to  misunderstanding. 

The  remainder  of  Baron  von  Jiiptner's  communication  deals 
mainly  with  the  paper  of  Professor  Roozeboom,  but  I  am  glad  to 
notice  the  importance  which  he  attaches  to  the  influence  of  the 
rate  of  the  cooling  which  necessarily  follows  all  experiments  at 
high  temperatures,  and  the  advisability  of  making  a  number  of 
fresh  experiments  under  conditions  indicated  by  the  theoretical 
work. 
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The  proceedings  on  September  18  began  with  great  punctcudity,  and 
the  Council  had  every  reason  to  be  satisfied  with  the  support  thcj 
received  from  members,  as  evinced  by  the  large  attendance,  tlie 
spacious  hall  of  the  Soci^t^  d'Encouragement  being  filled  to  overflow- 
ing a  few  minutes  after  9.30  A.M.  On  the  second  day,  also,  the 
business  of  the  Institute  meeting  was  begun  in  good  time,  the  attend- 
ance being  again  large. 

Visit  to  the  Paris  ExHiBmoN. 

During  the  afternoons  of  September  18  and  19  the  Exhibition  was 
visited,  where  groups  were  formed  under  the  guidance  of  experts  for 
the  purpose  of  examining  the  various  sections  of  metallurgy,  mining, 
and  machinery. 

The  Paris  Exhibition  of  1900  covered  a  larger  area  than  any  Exhibi- 
tion previously  held  in  that  city.  The  site  occupied  comprised  the 
Champ  de  Mars,  the  Esplanade  des  Invalides,  the  Trocad^ro  GardenSf 
a  portion  of  the  Champs  Elys^s,  the  quays  on  both  sides  of  the  Seine, 
between  the  Alexander  HI.  Bridge  and  the  Pont  d'Jena,  and  the  Park 
at  Vincennes. 

The  total  superficial  area  was  as  follows : — 

Champ  de  Mars 124  acres 

Esplanade  des  Invalides 30  „ 

Trocad^ro  Gardens ^  »t 

Champs  Elys^es 37  ., 

Quays  on  the  left  bank  of  the  Seine                                .  23  ,. 

Qnays  on  the  right  bank  of  the  Seine    .                         .  23  „ 

Park  at  Vincennes 272  ,, 

Total 549     .. 

The  superficial  area  occupied  by  buildings  and  covered  in  is  believed 
to  have  amounted  to  4,865,328  square  feet,  distributed  as  follows  :^ 

French  Sections 2,691,000  sqaare  feet 

Foreign  Sections 1,829,880  „ 

Park  at  Vincennes 344,448  „ 

4.865,328 

The  strip  of  land  on  each  side  of  the  Seine  devoted  to  the  Exhibi- 
tion extended  for  a  distance  of  1^  mile.  About  one  hundred  Fraieh 
and  seventy-five  foreign  pavilions  and  detached  buildings  were  erected 
in  the  grounds,  without  counting  the  thirty-six  official  pavilions  of 
nations  participating  in  the  Exhibition;  these  official  pavilions  wen 
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Visit  to  the  Lb  Creusot  Paviuon. 

The  visit  of  the  Institute  to  Paris  could  not  have  been  complete 
without  an  inspection  of  the  Le  Creusot  Pavilion,  and  the  invitation  of 
Mr.  Eugene  Schneider  to  a  reception  in  this  building  (on  Tuesday 
afternoon,  September  18)  was  therefore  exceedingly  welcome,  and  was 
very  generally  taken  advantage  of,  both  by  the  members  themselves 
and  the  ladies  accompanying  them.  A  number  of  engineers  belonging 
to  the  works  acted  as  guides.  Several  of  them  spoke  English  fluently, 
and  this  rendered  the  visit  all  the  more  instructive  to  many  of  the 
members.  On  the  occasion  of  the  Institute's  visit  the  Pavilion  was 
closed  to  the  general  public,  and  Mr.  Eugene  Schneider,  the  head 
of  the  firm,  assisted  by  Mr.  G.  Canet,  received  the  visitors  at  the 
entrance. 


The  Le  Creusot  Pavilion. 

The  Le  Creusot  Pavilion,  a  huge  dome-shaped  building,  141  feet  in 
diameter  and  130  feet  in  height,  crowned  with  a  campanile  13  feet  in 
diameter,  might  have  been  taken  for  a  massive  armoured  fort  with  its 
projecting  guns.  The  roof  was  constructed  of  three-hinged  trusses  of 
H-section,  forming  twenty-four  ribs,  18  feet  apart  at  their  feet  and  con- 
verging to  a  special  spherical  bearing  in  the  centre  at  the  top  of  the 
dome.  The  upper  part  was  roofed  with  wood  and  plaster  painted  red, 
and  the  lower  part  was  glazed.  As  the  Moulineaux  Railway  ran  through 
the  building,  half  of  the  floor  space  on  the  side  away  from  the  river 
Seine  was  raised  to  a  higher  level  and  carried  on  girders  of  56^  feet 
span  resting  on  walls  built  outside  the  walls  of  the  railway  cutting  and 
independent  of  them,  so  as  to  carry  the  weight  of  the  exhibits  with 
safety.  On  this  raised  portion  were  exhibited  a  large  number  of 
different  types  of  guns  and  mortars,  while  the  lower  part  of  the  building 
contained  the  engines,  locomotives,  and  electric  plant,  besides  armour 
plate.  The  cannon  ranged  in  size  from  the  24-centimetre  gun  with  its 
armoured  turret,  for  the  Spanish  navy,  down  to  the  lO-centimetre  quick- 
firing  guns  and  75-millimetre  field- pieces,  and  even  smaller.  The  breech 
mechanisms  were  of  numerous  types,  and  in  some  of  them  a  single 
movement  was  all  that  was  required  to  unlock  and  throw  out  the  breech 
block.  Hydraulic  and  electric  gearing  were  both  shown  in  operation  for 
manipulating  the  guns  and  their  mountings,  &c.,   while  the    recoil 
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150-ton  eleotrio  crane,  and  a  10,000  ton  press  is  available  for  oompreas- 
ing  liquid  ingots,  the  only  plant  of  its  kind  in  France.  Rotary  puddling 
furnaces  are  used  for  the  preparation  of  exceptionally  pure  material  used 
in  the  manufacture  of  guns  and  armour  plate.  In  the  forge  there  are 
seven  steam-hammers,  ranging  from  20  to  100  tons,  each  served  by  its 
own  furnaces  and  cranes  and  four  forging  presses  rated  at  1500,  2000» 
3000,  and  6000  tons.  The  100-ton  hammer  is  really  to  be  considered 
of  120  tons,  and  it  is  served  by  four  furnaces  and  four  cranes  of  100  to 
160  tons.  It  is  used  for  forging  armour  plate  up  to  24  inches  in  thick- 
ness and  65  tons  in  weight.  For  tempering  gun  tubes,  a  well  65^  feet 
deep  is  provided,  besides  all  appliances  for  treating  armour  with  oil 
or  water  tempering  processes.  Three  overhead  travellers  of  100,  80,  and 
40  tons  are  used  for  handling  the  work  in  this  department.  A  recently 
built  tire  mill  is  capable  of  turning  out  12,000  to  15,000  tons  of  tires  of 
all  sizes  annually. 

In  the  rolling-mills  there  are  some  140  engines  with  a  total  of  12,000 
horse-power,  and  from  120,000  to  140,000  tons  of  finished  products  are 
made  yearly,  ranging  from  merchant  iron  ^  inch  in  diameter  to  armour 
plates  of  40  tons  weight  For  merchant  and  section  iron  and  steel  there 
are  twelve  three-high  mills  and  four  trains  for  plates  and  sheets,  besides 
a  special  mill  for  fine  sheets.  The  present  armour  plate  mill  is  to  be 
supplemented  by  a  new  one  capable  of  handling  work  up  to  60  tons  in 
weight 

Of  the  extent  .of  the  various  manufactories  for  finished  articles  it 
would  be  hopeless  to  give  any  idea  within  the  limits  of  a  short  note,  but 
the  various  appliances  shown  at  the  Exhibition  and  referred  to  above 
will  indicate  some  of  the  capabilities  of  the  Company. 


The  Soir^  Musicalb. 

The  SotrSe  MtistccUe  given  on  Tuesday  evening,  September  18,  by 
the  Comity  des  Forges  de  France  was  organised  in  a  masterly  way, 
and  carried  out  royally.  From  first  to  last  it  was  a  most  interesting 
and  successful  function,  greatly  owing  to  the  way  in  which  every 
detail  had  been  studied.  The  Local  Reception  Committee,  headed  by 
its  president,  Mr.  Robert  de  Wendel,  were  evidently  sincerely  pleased 
to  have  the  opportunity  of  entertaining  the  members  and  the  ladies 
accompanying  them.  One  may  also  safely  say  that  the  ladies  and 
members  enjoyed  quite  as  much  the  pleasure  of  being  the  guests 
of  the  Comity.     The  programme  bad  been  drawn  up  with  a  skill  thai 
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Banquet  at  the  Hotel  Continental. 

On  the  evening  of  September  19  the  Institute  entertained  the  Recep- 
tion Committee  at  a  banquet  at  the  H6tel  Continental.  Sir  William 
Eoberts- Austen,  K.C.B.,  President  of  the  Institute,  presided,  and  250 
members  and  their  friends  were  present.  The  guests  who  accepted 
the  invitation  of  the  Institute  were  Messrs.  Kobert  de  Wendel,  Pre- 
sident of  the  Comity  des  Forges ;  E.  Schneider,  Vice-President ;  Baron 
de  Vaufreknd,  Treasurer ;  H.  Pinget,  Secretary ;  C.  Boutmy,  Lesaffre, 
G.  Baty,  and  A.  Sepulchre,  Members  of  Council ;  A.  Gigot,  La  Ferte, 
and  Paraf,  Honorary  Members  of  the  Comity  des  Forges ;  G.  Canet, 
President  of  the  Soci^t^  des  Ing^nieurs  Civils;  the  President  of  the 
Municipal  Council  of  Paris;  A.  Lodin,  P.  Arbel,  Brustlein,  A. 
Chappie,  and  F.  Raty,  members  of  the  metallurgical  jury  at  the 
Exhibition ;  Yesier,  President  of  the  Compagnie  Fran9aise  des  M^taux ; 
Demenge,  managing  director  of  the  same  company ;  G^ny,  managing 
director  of  the  Le  Creusot  Works ;  Buquet,  director  of  the  Ecole  Cen- 
trale ;  Sauvage,  chief  engineer  of  the  Western  Railway  Company ; 
Baudry,  chief  engineer  of  the  Lyons  Railway  Company,  and 
Solacroup,  chief  engineer  of  the  Orleans  Railway  Company;  Bon- 
nassies,  of  the  St.  Chamond  Company;  and  Francois  de  Wendel, 
Dutreux,  Ast,  and  Charvet,  engineers,  who  kindly  acted  as  guides 
at  the  Exhibition.  The  British  guests  included  Colonel  Jekyll,  the 
British  Commissioner  at  the  Exhibition,  and  Greneral  Festing,  C.6. 

The  President,  in  proposing  "  Her  Majesty  the  Queen,**  said :  "  I 
will  only  add,  for  I  wish  to  be  very  brief  to-night,  that  tenacity  and 
endurance,  attributes  of  steel,  are  precisely  the  qualities  we  should 
wish  to  possess  were  it  necessary  for  us  to  express  our  devotion  to 
Her  Majesty.  Gentlemen,  I  give  you  the  health  of  the  Queen — 
God  bless  her.*' 

The  President  again  rose  and  said  :  "  We  have  come  to  France  to 
express  our  homage  to  this  great  country  on  the  occasion  of  the 
splendid  International  Exhibition  which  so  nobly  crowns  the  cen- 
tury. France  has  always  been  a  paradise.  I  love  her  with  all  my 
heart.  I  am  sure  you  will  drink  with  every  sign  of  enthusiasm  to 
the  President  of  the  French  Kepublic.'* 

The  President  again  rose  and  proposed  a  toast  of  cordial  frater- 
nity. He  said:  "I  rise  to  propose  *Our  Guests,'  and  to  this  toast 
I  will  add  the  name  of  the  President  of  the  Comit^  des  Forges  de 
France,     There  are  one  or  two  others  I  would  specially  mention. 


•  -      •     • 
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language  will  pat  me  in  mind  of  the  happy  years  I  spent  in  your 
country,  where  I  had  the  good  fortune  to  learn  my  trade  in  a  technical 
point  of  view,  and  also  the  English  ways  of  doing  business.  All  this 
has  been  so  useful  to  me  in  life  that  I  shall  never  forget  it.  In  June 
last  I  had  the  great  honour  and  pleasure  to  receive,  as  President  of 
the  Society  of  Civil  Engineers  of  France,  delegates  of  your  Institute, 
at  the  head  of  whom  was  your  honourable  President,  Sir  William 
Roberts- A.U6ten,  and  it  is  a  great  pleasure  for  me  to  be  received  in 
my  own  country  by  your  President  and  such  a  large  number  of  your 
members.  We  civil  engineers  of  France  follow  with  keenness  your 
numerous  and  remarkable  works  of  research.  It  is  you  who  in  a  sense 
give  us  our  daily  bread  in  the  shape  of  good  steel  and  iron,  for  without 
these  the  industry  of  life  is  bound  to  decay.  Your  discoveries  are  the 
basis  of  all  engineering  works  and  form,  and  it  is  therefore  with  a 
heartfelt  pleasure  that  we  welcome  you  to  Paris,  the  eminent  represen- 
tatives of  the  first  Institution,  and  I  invite  you  all  to  drink  the  health 
of  your  honourable  and  learned  President,  Sir  William  Roberts- 
Austen." 

The  President,  in* reply,  said:  "What  am  I  to  say?  I  can  only 
say  that  I  thank  you  from  the  very  depth  of  my  heart,  and  that  the 
one  event  of  my  life  to  remember  with  pride  is  that  you  came  in  such 
numbers  to  France,  the  land  we  English  love  so  much.  I  will  say 
nothing  more  except  to  tell  you  how  glad  we  are  that  Mr.  Cauet 
learned  anything  from  us.  How  much  we  have  learnt  from  France — 
how  much  I  owe  to  her,  will  be  revealed  by  the  address  which  I  did 
not  read  the  other  day.  I  have  nothing  to  add  from  a  full  heart 
except  my  most  grateful  thanks." 

Visit  to  the  ExmBrriON  at  Vincennes. 

On  September  20  the  members  visited  the  portion  of  the  Exhibition 
at  Vincennes.  The  "  Annexe  "  of  the  Exhibition  was  situated  to  the 
east  of  Paris  in  the  Park  of  Vincennes.  It  included  the  Daumesnil  lake, 
and  was  bounded  by  the  fortifications  between  the  Charenton  Grate  and 
Picpus  Gate,  by  the  Avenue  Daumesnil  between  the  Picpus  Gate  and 
the  road  to  Saint-Mand6,  and  by  the  road  to  Gravelle.  It  was  reached 
(1)  by  the  Vincennes  Railway  from  the  Place  de  la  Bastille ;  (2)  by  the 
Ceinture  Railway  to  Hue  Claude  Decan  Station ;  (3)  by  the  steamers 
of  the  Compagnie  des  Bateaux-Parisiens  to  the  Pont  de  Charenton ; 

(4)  by  the  Louvre-Charenton  Tramway  to  the  Pont  de  Charenton ;  uid 

(5)  by  Electric  Tramway  from  the  Bastille  to  Charenton.    The  objects 
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The  Excursion  to  Lorraine.* 

The  ironworks  at  Hayange,  Moyeuvre,  and  Stiring  Wendel,  belong- 
ing to  Les  Petits  FiU  de  Fran9oi8  de  Wendel  et  Cie.,  were  visited  in 
1878  by  a  group  of  members  of  the  Iron  and  Steel  Institute.  Since 
that  date  the  introduction  of  the  basic  process  has  led  to  the  closing 
of  the  Stiring  Wendel  Works,  of  which  the  speciality  was  the  m&na- 
facture  of  iron  rails,  and  three  basic  steelworks  have  been  established, 
one  at  Hayange  (Germany),  the  second  at  Moyeuvre  (Germany),  and 
the  third  at  Joeuf  (France).  These  works  are  situated  at  the  northern 
end  of  the  oolitic  iron  ore  region  in  the  neighbourhood  of  Longwy  and 
Thionville,  and  all  the  iron  is  made  from  the  minette  ores  of  the 
locality,  but  the  coke  is  imported  from  Westphalia.  During  the 
year  1899-1900  these  works  produced — 

Torn.  Torn. 

Pig  iron 477,600       .  .    193,000 

RoUed  products  .    298,000  .    125,000 

Twenty  members  of  the  Institute,  who  had  left  Paris  overnight  and 
arrived  at  Metz  early  in  the  morning  of  Friday,  September  21,  were 
met  at  Ueckingen  by  Mr.  Henri  de  Wendel  and  his  sons,  and  conveyed 
by  one  of  the  works  trains  to  the  steelworks  at  Hayange,  and  then  to 
the  blast-furnaces  and  steelworks  at  Joeu£  After  an  adjournment  to 
lunch  at  the  adjacent  chateau,  the  train  was  again  taken  on  to  the 
rolling-mill  plant  at  Jamailles,  and  finally  returned  to  Metz  in  the 
evening.  During  the  adjournment,  in  reply  to  some  remarks  by  Mr. 
K  F.  Martin,  Past-President,  Mr.  Henri  de  Wendel  gave  some  in- 
teresting retrospective  particulars  of  the  works  as  follows: — 

"Grentlemen,  in  the  year  1879,  on  the  occasion  of  the  Paris 
Exhibition,  I  had  the  honour  of  entertaining  at  Hayange  a  group  of 
members  of  the  Iron  and  Steel  Institute.  It  is  a  great  satisfaction  to 
the  members  of  our  firm  and  our  collaborators  to  see  twenty  years 
later  a  new  party  of  the  Institute  coming  here  again.  This  circum- 
stance leads  us  to  think  that  the  impression  of  your  previous  visit 
had  not  left  a  bad  remembrance  on  your  minds.  I  am  more  anxious, 
however,  about  the  present  visit.  When  you  came  in  1879  our  plant 
was  a  new  one.  You  saw  at  work  fifty  puddling-fumaces  fitted  with 
mechanical  puddlers,  with  a  production  of  400  tons  of  puddled  bars  ia 

*  Report  kindly  furuiahed  by  Mr.  H.  O.  Graret,  Aswo.EL&lL 
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transferred  from  one  side  of  the  bay  to  the  other.  The  coiiTeiiai 
take  charges  of  13  tons  of  metal  from  a  mixer  supplied  from  the  blast- 
furnaces,  and  the  steel  is  cast  into  four  3-ton  ingots,  which  are  s^it 
through  gas-fired  soaking  pits  to  the  cogging-mill,  driven  hy  a  twin  com- 
pound engine  built  in  1895.  The  sheared  ingots  are  transferred  bj  aa 
overhead  traveller  to  a  large  central  reheating  furnace,  into  which  thtf 
are  pulled  by  a  chain  led  round  a  guide-pulley  to  a  vertically-aeliRg 
hydraulic  ram.  From  the  opposite  side  of  the  furnace  they  are  4b> 
charged  on  to  a  line  of  live  rollers,  which  lead  them  to  the  finish^^ 
mill.  Beyond  this  are  extensive  cooling-beds,  with  rnpn  hsnlip 
appliances.  The  same  building  also  contains  the  two-high  revefii^g 
bar-mill,  driven  by  a  three-cylinder  engine.  On  one  side  is  a  kag 
inclined  shoot,  and  on  the  other  side  live  rollers  followed  by  «i 
electrically  -  driven  shearing -machine.  The  live  rollers  here  sn 
driven  in  a  most  ingenious  manner.  The  axles  of  the  roUets  m 
between  horn-plates,  so  as  to  have  a  slight  vertical  play,  and  the 
rollers  themselves  lie  on  two  endless  running  ropes,  so  as  to  get  a 
frictional  drive.  The  mills  are  of  the  ordinary  two  high-class  miU 
reversing  engines  of  a  type  familiar  in  this  countiy,  with  hydranfic 
side  traversing  gear  and  steam-driven  live-roller  trains,  and  as  indi 
calling  for  no  special  remark.  What  is,  however,  of  interest  is  the 
liberal  manner  in  which  the  plant  has  been  designed,  the  mills  and 
their  engines  being  so  arranged  as  to  meet  sudden  demands  for  rerj 
rare  sections  without  having  to  stop  for  changing  rolls,  t.^  separate 
mills  are  kept  ready  for  each  class  of  work,  so  that  the  stuff  can  be 
transferred  from  one  to  the  other  as  required  without  delay.  As 
example  of  this  flexibility  in  working  was  given  to  the  visitors,  who, 
during  the  short  period  of  their  visit,  saw  joists  about  15  inches  deep, 
wire  billets,  and  medium-sized  angle  bars  rolled  successively  by  the 
same  set  of  men  in  the  different  works. 

The  Works  at  Jobuf. 

At  Joeuf  there  are  six  blast-furnaces,  of  which  five  were  in  blast 
and  one  under  repair.  Each  makes  100  to  120  tons  daUy,  being 
equipped  with  four  tall  and  narrow  Cowper  stoves  each,  and  supplied 
with  blast  at  200  millimetres  of  mercury  pressure.  No  water  plates 
are  built  into  the  furnaces,  which  are,  however,  cooled  externally  by 
flowing  water  in  large  quantities.  The  average  fuel  consumption  is 
23  cwt.  per  ton  of  iron.  The  age  of  these  furnaces  differs  consider- 
ably, and  one  has  been  in  blast  for  seventeen  years.     The  pig-beds  are 
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The  Bolling-Mills  at  Jamailles. 

At  the  mills  at  Jamailles  nearly  a  hundred  thousand  tons  of  section 
and  merchant  steel  of  all  kinds  are  rolled  annually ;  and  the  works 
are  crammed  to  the  utmost  with  long  trains  of  three-high  rolls  all 
in  full  activity.  Small  mechanically  operated  lifting-tables  were  in 
general  use  at  the  rear  side  of  the  mills,  but  for  very  light  sections  all 
the  manipulation  is  done  by  hand.  As  at  the  other  works,  nearly  all 
the  supplementary  machinery  is  driven  by  electromotors  with  con- 
tinuous currents  at  250  volts. 

Excursion  to  St.  Chamond.* 

The  St.  Chamond  Works  is  one  of  the  properties  of  the  Compagnie 
des  Forges  et  Aci^ries  de  la  Marine  et  des  Chemins  de  Fer,  a  company 
which  originated  in  1837,  and  since  then  has  passed  through  various 
stages  of  progress,  until  at  the  present  time  it  has  a  capital  of  twenty 
million  francs,  and  is  possessed  of  the  following  properties  in  addition 
to  St.  Chamond : — Iron  and  steel  works  at  Assailly  (Loire),  at  Rive- 
de-6ier  (Loire),  at  Givors  (Rhone),  and  at  Boucau  (Basses- Pyren^s) ; 
collieries  at  Unieux  and  Fraisse  (Loire)  ;  iron  mines  at  Ongney 
(Jura),  at  Saint  L^on  (Sardinia),  and  at  Lamiari  and  Montoya  (Spain) ; 
forests  in  Corsica,  and  important  concessions  for  iron  ore  at  Chevillon 
(Meurthe-et-Moselle).  In  ordinary  times  from  8000  to  10,000  work- 
people are  employed  by  the  Company,  and  large  sums  of  money  are 
annually  expended  in  the  improvement  and  development  of  the  equip- 
ment  and  in  erecting  new  workshops,  at  the  present  time  under  the 
direction  of  Mr.  J.  Girard  and  Mr.  Leroy.  Mest  diversified,  too, 
are  the  products : — Sections,  rails,  metal  sleepers,  and  small  materials  for 
the  permanent  way  at  Boncau,  visited  by  some  members  of  the  Institute 
in  1896.  Forged  locomotive  and  waggon  wheels  of  all  patterns,  parts 
of  marine  machinery,  stem-posts,  rudders,  &c  at  Rive-de-Gier.  Rail- 
way springs,  specially  light  wheels,  and  delicate  thin  steel  sheets  at 
Assailly.  Field,  siege,  and  battery  artillery,  naval  guns,  cannon  of  all 
calibres,  ammunition  and  projectiles,  armoured  turrets  and  towers  for 
coast  defence,  for  war-ships  and  for  land  forts,  armour-plates,  propeller 
and  crank  shafts,  rails,  tires,  sections,  forgings,  steel  axles,  iron  and 
steel  frames,  and  all  kinds  of  plates  and  sheets  for  railway  rolling 
stock  and  general  purposes,  is  the  long  list  of  things  manufactured  at 

*  Report  kindly  furnished  by  Mr.  D.  A.  Louii,  F.I.G. 


•      ■         ■  I 


•    M 


-    ..  f         .  « 


m      •         ■•        •• 


•  •        •  •  1 


I      -       .      -       « 


•  ■  •■■■•! 

«      4  ^  «      .«.. 


372  VISITS  AND   KXCUBSIONS. 

sleeping-car,  the  time  was  altered  almost  at  the  last  moment  to  7*20. 
The  announcement  of  the  change  was  circulated  as  frtelj  and  quickly 
as  possible,  with  the  result  that  most  of  the  participants  dined  together 
at  the  Lyons  Station  in  Paris  previous  to  departure,  and  were  comfort- 
ably and  agreeably  installed  in  the  sleeping-car ;  two  members,  how- 
ever, who  had  not  heard  of  the  change  of  time,  followed  by  the  original 
train,  but  arrived  at  St.  Etienne  at  the  same  time  as  the  others.  After 
breakfut  at  St.  Etienne  the  party  proceeded  by  train  to  St.  Chamond, 
where  they  were  met  at  the  station  by  Mr.  A.  de  Montgolfier,  the 
managing  director,  amongst  others,  and  after  a  few  words  of  welcome, 
were  taken  in  conveyances  to  the  works.  In  the  office  Mr.  A.  de 
Montgolfier  introduced  Mr.  Henry  de  Montgolfier,  director  of  the 
works  and  chief  engineer,  Mr.  Joseph  de  Montgolfier,  engineer  at 
Paris,  and  other  gentlemen  whose  names  will  be  mentioned  in  connec- 
tion with  their  departments,  where  they  officiated  as  guidea  Mr.  A. 
de  Montgolfier  then  explained  the  day's  programme,  which,  under 
the  admirable  leadership  of  Mr.  Henry  de  Montgolfier,  was  punctili- 
ously carried  through,  and  was  rendered  interesting  and  valuable  by 
the  readiness  with  which  he  himself  and  the  various  others  who  ac- 
companied were  at  all  times  ready  to  furnish  any  information  required. 
Another  noticeable  and  agreeable  feature  of  the  visit  was  the  absolute 
openness  of  everything;  there  was  no  door  marked  private,  and  no 
forbidden  entrance  or  barred  passage,  but  the  "  open  door  "  policy  was 
most  freely  practised. 

The  course  followed  on  the  present  occasion  is  indicated  by  the  order 
of  the  lettering  on  the  plan,  Plate  XXV.,  and  a  start  was  made  with 
a  hasty  walk  througli  yards  and  passages,  but  not  too  hasty  to  prevent 
the  observation  of  the  good  order  which  prevailed  everywhere,  even  to  the 
scrap  heaps — an  orderliness,  moreover,  that  was  not  restricted  to  the 
exterior,  but  was  to  be  remarked  throughout  the  various  shops,  both 
great  and  small,  subsequently  visited ;  and  what  perhaps  was  still  more 
remarkable  was  the  smoothness  with  which  the  various  big  operations 
witnessed  were  conducted,  a  few  simple  signals  sufficed  in  all  cases  for 
directing  manipulation  without  bustle  or  confusion.  The  shop  A  was 
the  first  visited ;  it  is  the  great  forging  shop,  a  lofty,  imposing,  spacious 
structure,  intended  for  exceptionally  big  as  well  as  smaller  work,  such 
as  the  manipulation  of  ingots  for  cannons,  armour-plates,  &c. ;  it 
comprises  two  big  halls  262  feet  long  and  respectively  98  feet  and 

82  feet  wide,  with  an  intermediate  smaller  hall  of  the  same  length,  but 

83  feet  wide,  the  whole  under  the  direction  of  Mr.  Breton.    In  the 
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pieces  of  artillery  and  munitions  of  war.  The  special  designs  of 
Messrs.  Darmencier  and  Dalzon  were  particularly  admired.  These 
engineers  direct  the  artillery  department,  and  it  is  they  who  have 
done  so  much  to  make  the  St.  Chamond  patterns  celebrated  both 
in  France,  our  own,  and  other  countries. 

Shop  C  is  also  492  feet  long  and  is  105  feet  wide,  with  a  central  alley 
60  feet  wide  and  two  side  alleys  23  feet  wide,  with  galleries  above. 
There  are  two  60  and  two  10-ton  electrical  overhead  travelling  cranes. 
The  central  alley  of  this  shop  is  arranged  particularly  for  that  work 
that  has  to  be  done  when  the  parts  are  in  position,  and  here  were 
to  be  seen  some  of  the  Company's  specialties  in  course  of  construc- 
tion— trunks  for  ships'  barbettes,  fixed  and  revolving  turrets,  gun 
mountings  for  turrets  and  forts ;  the  riveting,  boring,  final  dressing, 
and  fitting  into  position  of  the  armour-plates  of  these  structures  was 
in  progress,  and  the  subsequent  final  touches  were  being  given.  To 
accommodate  these  great  pieces  of  work  there  are  many  special  plat- 
forms, and  also  to  give  the  necessary  height  or  for  convenience  of  access 
pits  are  sunk  in  the  floor  and  scafifoldings  are  erected,  or  there  are 
masonry  walls  to  support  the  work  where  necessary,  as,  for  instance, 
in  the  case  of  a  trunk  for  a  barbette  which  was  under  treatment. 
The  tools,  mostly  electrical,  are  clamped  on  standards  or  otherwise 
adjustably  supported  so  as  to  reach  any  part  of  the  work,  and  three 
or  more  tools  could  be  seen  in  operation  on  different  parts  of  the 
same  work  simultaneously.  Many  of  the  tools  were  of  special 
character  and  design,  and  the  precision  of  the  work  in  this  department 
was  most  striking.  The  varied  and  curious  forms  the  plates  had  to 
have,  the  exact  way  they  were  fitted  together,  and  the  care  with  which 
even  very  slight  imperfections  were  removed,  particularly  attracted 
the  attention  of  the  visitors.  The  boring  and  riveting  machines  for 
unmounted  ship  and  boiler  plates  were  arranged  in  the  side  alleys. 

In  the  shop  marked  D,  which  has  a  60-ton  traveller,  were  arranged 
boring  machines  for  guns  and  lathes  for  guns  and  shafts,  and  were 
most  of  them  at  work. 

The  next  shop  visited,  £,  covers  an  area  of  2^  acres,  and  has  three 
30-ton  overhead  travellers  and  many  locomotive  cranes.  Here  the 
various  parts  of  guns,  carriages,  and  mountings  are  assembled  and 
finished,  and  at  the  far  side  are  fitted  and  the  finished  work  erected. 
This  shop  was  at  full  work,  and  with  the  vast  number  of  machines 
presented  a  very  busy  and  interesting  scene.  This  department  can 
turn  out  a  field-gun,  fully  equipped  with  ammunition  carriage,  &c. 
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metal  was  drawn  from  two  furnaces,  one  on  each  side,  simnltaneonsly, 
and  was  run  into  a  stationary  ladle,  from  which,  after  a  period  of  repose, 
it  was  drawn  off  at  a  definite  rate  into  the  ingot  mould.  Particular 
attention  is  paid  not  alone  to  the  selection  of  the  material  for  the 
steels,  but  also  to  the  temperature  of  the  bath,  to  the  time  occupied  in 
filling  the  mould,  and  to  the  dimensions  of  the  mould  employe^!. 
Adjoining  the  steelworks  is  the  steel- foundry  H,  with  one  150  and 
two  30-ton  travelling  cranes.  It  is  capable  of  dealing  with  the  heaviest 
as  well  as  lightest  castings,  and  has  a  capacity  of  100  tons  of  castings  a 
month.  Messrs.  Pemot  and  Bourgeois  were  the  engineers  in  charge 
of  the  steel  department 

The  next  visit  was  to  the  armour-plate  cementation  and  tempering 
houses,  I  and  J.  In  the  first  of  these,  depicted  in  Fig.  2,  there  are 
five  great  furnaces  for  the  cementation  of  Harvey  and  Krupp  plates ; 
from  one  of  these  a  curved  plate  for  a  turret  was  withdrawn  and 
slung  horizontally  on  to  a  tabular  spraying  frame,  the  jets  being  at 
once  set  to  work ;  a  similar  frame  running  on  rollers  was  then  brought 
into  position  over  the  plate,  coupled  up  to  the  water  supply,  and  the 
jets  immediately  set  to  work,  so  that  the  plate  at  all  parts  of  its 
surface  was  subjected  to  a  copious  but  evenly  distributed  play  of 
water.  All  the  operations  were  conducted  with  rapidity,  but  without 
any  confusion.  The  arrangement  is  represented  at  work  in  the  centre 
of  Plate  XXIV. 

In  the  next  house  a  bent  armour-plate  for  a  "blockhouse"  was 
withdrawn  from  a  furnace  in  a  vertical  position,  and  slung  and 
plunged  into  the  water-tank  in  the  same  position.  In  this  house 
are  the  heating  and  annealing  furnaces,  and  also  the  shaping  presses, 
two  in  number,  one  about  3000,  the  other  3500  tons.  Both  are  served 
by  two  60-ton  travelling  cranes ;  the  former  is  used  for  shaping  before 
tempering,  the  latter  to  give  the  finishing  touches  after  tempering, 
and,  if  necessary,  the  great  6000-ton  press  already  referred  to  is 
brought  into  requisition.  With  these  machines  plates  are  given 
most  complicated  forms  without  any  danger  to  the  quality  of  the 
metal. 

The  next  surprise  for  the  visitors  was  a  view  of  the  new  mill  in 
course  of  erection  at  K.  The  rolls,  housing,  live  rollers,  and  parts 
of  the  engine  and  the  building  were  in  place,  and  it  is  supposed 
that  the  mill  will  be  complete  in  November.  It  has  been  constructed 
to  cope  with  the  requirements  of  the  present  day,  and  consists  of  an 
armour-plate  mill  with  rolls   15   feet  long  and  sheet-mill  with  rolls 
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or  material  employed  for  the  making  of  gnn-steeL  The  famaces  have 
a  separate  melting  bed  and  a  rotating  puddiing-hearth ;  they  work 
charges  of  a  ton  each,  and  the  output  reaches  as  much  as  8^  tons  in 
twenty-four  hours. 

The  final  item  in  the  programme  before  lunch  was  the  witnessing 
the  tempering  of  a  gun-tube.  This  took  place  in  the  house  specially 
devoted  to  that  purpose,  0  on  the  plan.  The  most  striking  feature  is 
the  great  tempering-pit,  measuring  about  130  feet  by  85  feet  by  69  feet 
deep  from  floor  level.  In  the  bottom  of  this  pit  there  are  several  wells ; 
the  deepest,  72  feet  and  10  feet  in  diameter,  serves  for  tempering  large 
work,  such  as  big  guu  tubes,  which  attain  at  times  nearly  50  feet  in 
length ;  whilst  the  smaller  baths  or  wells  are  used  for  light  guns.  Two 
of  the  smaller  ones  are  in  communication  with  the  larger  one,  and  are 
furnished  with  centrifugal  pumps,  in  this  way  rendering  by  circulation 
upwards  of  44,000  gallons  of  oil  available  for  the  tempering  of  large 
guns.  At  oue  end  of  the  pit  is  the  vertical  reheating  furnace,  69  feet 
high,  with  six  super-imposed  firing  grates.  A  50-ton  travelling  gantry 
running  on  rails  on  the  floor  level  serves  for  manipulating  the  work ; 
it  is  provided  with  steam  windlass  for  doing  the  lifting  operations  and 
hydraulic  tackle  for  controlling  the  lowering — this  is  to  ensure  rapidity 
with  steadiness.  The  various  stages  in  the  operations  were  keenly 
watched — the  opening  of  the  furnace,  lifting  the  work  out  (a  12-inch 
gun-tube),  travelling  it  across,  centring  it  over  the  bath  (water  in  this 
instance),  and  lowering  it,  the  whole  being  done  with  considerable 
expedition,  and  without  causing  the  gun-tube  to  sway  or  swing.  The 
gun-metal  before  tempering  has  a  resistance  of  40  to  60  kilos,  per 
square  millimetre,  with  a  minimum  elongation  of  18  per  cent. ;  after 
tempering  the  resistance  is  54  to  80  kilos.,  with  the  elongation  from 
12  to  14  per  cent.  On  the  floor  level,  in  convenient  proximity  to  the 
tempering-pit,  there  are  heating  furnaces  for  small  guns  and  for  gun- 
rings,  and  a  10-ton  steam  crane  running  on  a  broad  gauge  track. 
An  annex  is  attached  to  this  house,  which  is  equipped  for  the 
tempering  and  annealing  special  armour-piercing  shells  and  other 
projectiles,  for  which  the  works  are  famous  the  world  over.  These 
are,  in  fact,  one  of  the  great  specialties  of  the  works.  They  are  made 
of  extra  hard  crucible  steel,  are  vigorously  hammered,  and  submitted 
to  processes  of  tempering  and  annealing  peculiar  to  this  Company, 
Messrs.  Marchais  and  Chalon  are  the  engineers  in  charge  of  the 
tempering  operations. 

A  return  was  now  made  to  the  offices,  whence  the  carriages  drove 
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deflection.  The  hydraulic  recoil  gear  in  this  case  is  carried  under  the 
gun,  which  is  mounted  on  a  sliding  seating  upon  which  the  gun  travels 
at  the  recoil,  but  is  immediately  brought  back  exactly  into  position  by 
the  gear,  the  men  attending  sitting  on  the  carriage  the  while.  A 
mortar  was  fired  a  few  times,  and  at  each  round  the  angle  was  changed 
with  considerable  facility.  Various  guns  on  the  field  were  examined 
and  admired,  and  a  10|-inch  gun  was  fired  at  the  rate  of  8  rounds  a 
minute  with  striking  precision ;  a  similar  gun  to  this  at  Toulon  fires 
ten  551 -lb.  shells  a  minute. 

The  party  were  then  driven  back  to  St.  Chamond,  and  having  bid 
farewell  to  our  kind  host  and  many  of  our  guides  of  the  day,  were 
driven  to  the  station  and  proceeded  to  St  Etienne ;  but  two  represen- 
tatives of  the  Company  were  with  us,  and  at  St.  Etienne  Station  a 
dinner  was  found  all  ready,  having  been  ordered  and  provided  by  the 
thoughtful  and  generous  hosts  of  the  day.  At  the  close  of  this 
repast,  Mr.  Beardmore  remarked  how  heartily  they  had  all  appreciated 
the  kindness  and  hospitality  offered  them  that  day,  and  how  he  in 
particular  had  been  taken  by  surprise  at  the  vastness  and  up-to-date 
character  of  the  great  works  they  had  had  the  privilege  of  visiting. 

Before  terminating  this  notice  a  few  general  remarks  may  be  made. 
Firstly,  there  are,  of  course,  repairing,  joinery,  carpentery  shops, 
stores,  offices,  <&c.,  gas-producers  every  here  and  there ;  but  perhaps 
attention  may  particularly  be  drawn  to  the  new  steelworks  and  the 
iron-foundry.  The  latter,  at  P  on  the  plan,  is  arranged  for  castings  of 
variable  weights  and  dimensions,  from  the  very  smallest  up  to  work 
attaining  100  tons  or  more,  and  to  supply  all  the  requirements  of  the 
works,  even  ingot  moulds  and  roll-cylinders.  The  new  steelworks, 
Q  on  the  plan,  are  erected  to  supply  the  demand  of  the  plate  and  bar 
mills  that  has  outgrown  the  capacity  of  the  old  steelworks.  There 
are  three  furnaces  of  20  tons  each  installed.  They  are  arranged  in 
line  in  direction  of  their  length  and  parallel  to  a  long  casting-pit 
served  by  steam  cranes.  They  are  for  the  production  of  ingots  of  less 
than  5  tons  weight,  and  the  first  two  have  been  yielding  100  to  120 
tons  a  day. 

A  word  or  two  about  the  selection  of  the  material  and  the  system 
of  treatment  will  scarcely  be  out  of  place  here.  For  the  manufacture 
of  artillery,  for  instance,  which  is  entirely  executed  at  St.  Chamond, 
from  casting  the  ingots  onwards,  only  pig  made  by  the  Company  is 
employed.  The  blast-furnaces  are  at  Givors  and  Boucau.  At  the 
former,  magnetic  ore  from  their  private  mines  in  Sardinia  is  used, 
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Olafls  of  Steel. 


Tire  for  locomotives 

Tire  for  railway  car 

Tire  for  tramway  car 

Boiler  plate,  1  inch  thick 

Extra  mild  plate,  0*669  inch  thick 

Ordinary  mild  steel 

Extra  mild  steel    . 

Mild  for  naval  armaments 

Medium  hard  for  artillery 

Medium  hard  for  artillery     . 

Chrome  steel  for  shells . 

St.  Chamond  special 

Qun  steel      .... 

Nickel  steeU  20  to  25  per  cent.  Nj 


Tensile 
Strength. 


kK- 


per  sq. 

mm. 

636 

52-0 

761 

41-8 

40-4 

400 

36-9 

48-6 

61-4 

65*6 

80*2 

70-9 

70-0 

73-5 


Elastic 
Limit. 

kg.  per  sq. 
mm. 


26-8 
217 
25-9 
31-3 
33*8 
48-0 
48-0 
45*0 
36-7 


Elongfttion. 


I 


Per  Cent. 
22« 
27-0 
18-0 
27-0 
31-5 
29-0  • 
39-0  • 
26-6  • 
21 H)* 
20-0* 
19-0* 
19-5* 
180  • 
64 -O* 


There  was  tested  armour  plate  and  sheet  of  all  dimensions,  ranging 
in  thickness  from  0*315  inch  to  10*23  inch.  One  plate  weighing  116 
cwts.  of  St.  Chamond  special  steel,  and  10  inches  thick,  although  in- 
dented, had  resisted  six  rounds  of  a  95  lbs.  projectile  fired  from  a  5*9- 
inch  gun  at  speeds  varying  from  2034  to  2208  feet.  Another  plate  of 
the  same  material,  6^  inch  thick,  and  weighing  42^  cwts.,  had 
shattered  similar  projectiles  fired  from  the  same  gun  at  successive 
speeds  of  1716,  1800,  and  1866  feet;  whilst  at  the  other  end  of  the 
scale  the  0*3 15 -inch  sheet  for  screens  had  resisted  the  regulation  |-o£. 
shot  with  an  impact  velocity  of  1696  feet. 

The  display  of  ordnance  on  Darmancier  and  Dalzon  system  was 
strong  and  comprehensive — sea  and  land  guns^  cannons,  howitzers, 
mortars,  carriages,  limbers,  and  mountings  of  many  patterns,  shell  of 
all  sizes  and  kinds,  ammunition,  and  all  appurtenances — making  a 
bewildering  show  from  which  it  would  be  useless  to  select  an  example. 

Perhaps,  however,  the  most  striking  exhibits  were  the  armoured 
turrets  and  towers  with  equipments.  One  for  a  rapid-firing  14  calibre 
4f-inch  disappearing  howitzer  was  protected  with  an  outer  ring  con- 
sisting of  two  curved  plates  of  tempered  cast  iron  fixed  over  the 
concrete  base,  and  with  an  inner  cylinder  of  4^-inch  armour  plate,  8 
feet  6  inches  in  diameter,  and  was  covered  by  a  slightly  spherical  dome 
of  5^inch  plate.  Another  turret,  for  two  12-inch  40-citlibre  coast 
defence  guns,  revolved  on  a  central  pivot ;  the  fixed  point  4  feet  10^ 
feet  high,  11  inches  thick  at  the  top,  and  I7f  inches  thick  at  the 
bottom,  was  of  curved  plates  of  cast  iron,  and  formed  a  ring  37f  inches 
in  diameter.     The  moving  body  of  the  tower  was  of  f  .inch  plate,  and 

*  Test  pieces  0*5725  inch  diameter,  3*94  inches  long. 
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are  manipulated  under  a  hammer  of  40  tons  weight,  admirably  pro- 
vided with  cranes  of  50  and  60  tons  lifting  powers,  and  capacious 
furnaces.  They  have  still  three  Siemens  crucible  furnaces,  and  make 
several  special  qualities  of  tool-steel,  such  as  tungsten  and  chrome, 
besides  pure  carbon  steels  of  various  tempers.  They  also  make  rods  for 
gun-barrels,  cast-steel  anvils,  springs  for  railway  work  (both  spiral 
and  laminated),  railway  and  tramway  tires,  and  there  is  a  special 
department  for  the  manufacture  of  air-reservoirs  for  torpedoes. 

It  will  be  seen  by  the  above  short  sketch  of  the  various  products 
turned  out  by  the  Soci^t^  de  Firminy  how  admirably  they  have 
recovered  from  the  crisis  which  occurred  in  1880,  when  they  were 
brought  face  to  face  with  an  entirely  new  condition  of  things  which 
suddenly  cut  off  their  trade  in  steel  raUs,  for  which  the  whole  works 
had  been  specially  planned.  That  they  were  able  to  tide  over  those 
difficult  times  and  to  find  themselves  once  more  carried  on  on  a  wave 
of  prosperity  was  due  largely  to  the  daring  and  pertinacity  of  their 
far-seeing  director,  Mr.  Hugot,  under  whose  able  direction  the  works 
were  remodelled  to  suit  the  changed  conditions  of  their  trade.  They 
have  a  very  fine  exhibit  at  Paris  of  all  their  principal  manufactures. 

The  party  lunched  with  Mr.  Hugot  at  his  house,  situated  only  200 
yards  from  the  works  in  a  pleasant  garden  with  picturesque  views  of  the 
hills  which  surround  Firminy,  and  were  driven  in  his  carriage  to  the 
Unieux  Works.  There  Mr.  Brustlein,  the  managing  director,  showed 
the  party  over  the  works.  They  saw  the  forging  of  gun-barrel  rods 
under  old-fashioned  helve-hammers,  and  in  another  part  of  the  works 
a  6000-ton  press  doing  its  quiet  work  on  a  40-ton  ingot,  and  served 
by  great  travelling  cranes  spanning  the  shop  from  side  to  side  and  run- 
ning right  over  the  top  of  the  press.  These  are  capable  of  lifting  and 
carrying  weights  of  60  or  70  tons.  The  party  was  delighted  with  the 
warm  welcome  they  received,  and  fully  appreciated  the  kindness  with 
which  those  they  met  put  themselves  to  much  inconvenience  to  show 
them  more  than  ordinary  hospitality. 

Excursion  to  St.  Dbnis. 

Sir  William  Roberts-Austen,  the  President,  Mr.  Snelus,  Vice  Presi- 
dent, Mr.  Bennett  Brough,  Secretary,  and  about  sixty  members  of  the 
Institute,  accompanied  by  a  fair  sprinkling  of  ladies,  assembled  on 
Friday,  September  22,  at  the  Paris  offices  of  the  Compagnie  Frangaise 
des  M^taux  in  the  Rue  Yolnay,  to  visit  the  works  of  that  huge  con- 
cern at  St.  Denis.     They  were  taken  in  motor  and  horse  cabs  and  in 
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Institute  of  Public  Health  in  Edinburgh  in  1893,  and  delivered  an 
address ;  and  in  connection  with  the  last  meeting  in  Edinburgh  of  the 
British  Association  he  acted  as  local  secretary.  During  the  summer 
and  autumn  of  1879  he  undertook  an  extensive  series  of  observations 
and  experiments  with  a  view  of  determining  the  diurnal  variation  in  the 
amoimt  of  carbon  dioxide  in  the  air,  the  results  of  which  were  com- 
municated in  a  paper  to  the  Royal  Society,  and  have  since  been  accepted 
as  a  standard  of  reference  on  the  Continent  as  well  as  in  this  country. 
In  1889  the  Council  of  King's  College,  London,  elected  Professor  Arm- 
strong to  the  Fellowship  of  the  College.  He  was  an  examiner  for 
science  degrees  in  the  Departments  of  Engineering,  Public  Health,  and 
Agriculture  in  the  University  of  Edinburgh,  hon.  president  of  the  East 
of  Scotland  Engineering  Association,  a  member  of  the  Institution 
of  Civil  Engineers,  and  a  Fellow  of  the  Royal  Society  of  Edinburgh. 
He  was  elected  a  member  of  the  Iron  and  Steel  Institute  in  1889,  and 
acted  as  local  Honorary  Secretary  in  connection  with  the  Institute's 
meeting  in  Edinburgh  in  1888. 

John  Harris  Edge  died  in  October  1900  at  Shifnal,  Shropshire,  at  the 
age  of  sixty-eight.  He  was  the  senior  partner  in  the  well-known  firm 
of  Edge  &  Sons  of  the  Coalport  Works  of  Shifnal,  manufacturers  of  wire 
ropes,  chains,  brick  and  tile  machinery.  He  was  the  grandson  of  the 
late  Mr.  Benjamin  Edge,  who  founded  the  business  about  the  year  1800, 
and  invented  the  flat-link  wood-keyed  chain  that  superseded  hemp  ropes 
for  winding  purposes  in  pits  before  wire  ropes  were  adopted.  He  was 
elected  a  member  of  the  Iron  and  Steel  Institute  in  1880. 

William  Fletcher,  of  Brigham  Hill,  Cockermouth,  whose  death 
occurred  on  August  6,  1900,  was  a  prominent  man  in  Cumberland. 
Bom  in  1831,  he  was  the  third  son  of  Mr.  J.  W.  Fletcher,  of  Tarn  Bank, 
a  member  of  the  Society  of  Friends,  and  representative  of  an  old  Cum- 
berland family.  When  quite  a  young  man  he  took  part  in  local  public 
affairs,  and  being  interested  in  the  coal  trade,  he  saw  the  importance  of 
improving  the  railway  facilities  of  the  district  He  was  an  active  pro- 
moter of  the  Cockermouth,  Keswick,  and  Penrith  Railway,  of  which  he 
was  one  of  the  first  directors,  and  of  the  Cleator  and  Workington  Junc- 
tion Railway,  of  which  he  was  chairman ;  and  he  helped  forward  the 
transfer  of  the  Cockermouth  and  Workington  Railway  to  the  London 
and  North- Western  Company.  He  was  at  one  time  managing  director 
of  the  West  Ciunberland  Iron  and  Steel  Company,  and  latterly  of  the 
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department  of  the  firm  of  Ransomes,  Sims,  &  Jefferies,  Limited, 
Ipswich.  He  was  bom  in  1840  at  Great  Barford,  Bedfordshire, 
and  in  1856  entered  the  Orwell  Works,  Ipswich,  as  an  articled 
pupil.  In  1866  he  married  a  daughter  of  the  late  Mr.  James  Alien 
Bansome,  a  member  of  the  firm,  and  was  taken  into  partnership,  the 
business  then  existing  under  the  title  of  Bansomes,  Sims,  &  Head.  In 
1884,  when  it  was  converted  into  a  limited  liability  company,  Mr 
Jefferies  became  a  managing  director.  In  1882  he  was  elected  one  of 
six  representatives  of  the  Burgesses  of  Ipswich  on  the  Dock  Commission, 
and  in  September  of  the  same  year  he  was  chosen  a  member  of  the 
Committee  of  Management.  He  took  the  greatest  interest  in  the 
improvement  of  the  port,  and  was  a  most  regular  attendant  at  the 
meetings  in  connection  therewith.  On  the  Ipswich  Chamber  of  Com- 
merce and  Shipping  being  formed  in  1884,  he  succeeded  Mr.  Edward 
Packard,  who  was  the  first  chairman,  and  in  1900  he  was  re-elected  to 
that  position.  He  was  also  that  year's  chairman  of  the  Agricultural 
Engineers'  Association,  a  member  of  the  Institute  of  Mechanical 
Engineers,  and  a  Justice  of  the  Peace  for  the  borough.  He  was 
elected  a  member  of  the  Iron  and  Steel  Institute  in  1879. 

Jakbs  Jonbs,  of  Brookland,  Swansea,  died  on  November  16,  1899, 
in  bis  sixty-third  year.  He  was  High  Sheriff  of  Cardiganshire,  a  Justice 
of  the  Peace  for  Cardiganshire  and  Glamorganshire,  and  an  ex-Mayor  of 
Swansea.  He  officially  attended  BriQtol  in  connection  with  the  visit  to 
that  city  of  Her  Majesty  the  Queen  the  day  before  his  death.  Feeling 
somewhat  unwell,  he  telegraphed  for  his  son,  Mr.  R  W.  Jones,  who 
joined  him,  and  they  left  Bristol  for  Swansea.  He  died  during  the 
journey.  He  was  very  popular  with  all  classes.  Amiable  and  generous, 
he  was  welcomed  everywhere.  As  Mayor  of  Swansea  he  dispensed  lavish 
hospitality,  and  for  many  years  he  played  a  prominent  part  in  the  muni- 
cipal government  of  Swansea.  He  was  bom  at  Aberystwyth  in  1837,  but 
came  to  Swansea  somewhat  early  in  life,  and  entered  the  service  of  Messrs. 
Philips  &  Son,  wholesale  grocers.  Castle  Square,  and  was  permanently 
engaged  as  a  traveller.  About  twelve  years  after  he  started  business  on 
his  own  account  He  was  remarkably  successful.  He  built  up  a  great  busi- 
ness, and  retired  from  it  several  years  ago  a  very  wealthy  man.  He  took 
an  active  interest  in  friendly  society  work.  He  was  patron  of  the  Loyal 
James  Jones  Lodge  (Independent  Order  of  Foresters,  Manchester  Union), 
and  very  frequently  he  paid  the  subscriptions  of  large  numbers  of 
members,  in  his  own  as  well  as  in  other  lodges.     He  was  a  member  of 
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for  the  production  of  a  brand  of  that  all-mine  pig  iron  whidi  years 
ago  made  the  iron  industry  of  South  Staffordshire  famous.  The  dis- 
mantling is  due  to  the  fact  that  the  furnaces  have  become  obsolete, 
while  the  colliery,  like  so  many  more  in  the  district^  is  waterlogged. 
Mr.  Round  was  the  third  son  of  Mr.  John  Round,  of  Daisy  Bank,  near 
Coseley.  He  was  bom  on  February  2,  1836,  and  was  educated  at 
Harrow  School  Afterwards  he  joined  his  brothers  at  Tividale  in 
working  the  Hange  Furnaces  and  Collieries.  In  1888  he  formed,  with 
four  friends,  a  syndicate  to  acquire  and  work  Rixon's  blast-furnaces  at 
Wellingborough,  now  known  as  the  Wellingborough  Iron  Company, 
Limited,  of  which  he  was  managing  director  until  his  death.  He  was  a 
director  and  vice-chairman  of  the  Coimty  of  Stafford  Bank.  He  was  an 
original  member  of  the  Iron  and  Steel  Institute. 

William  Ryland  died  on  October  II,  1900,  at  his  residence,  Rye 
Lodge,  Nether  Edge,  Sheffield.  He  was  principally  connected  wiUi 
Byland's  Electro-plating  Company,  Limited.  He  was  elected  a  member 
of  the  Iron  and  Steel  Institute  in  1890. 

Hbrbbrt  Sartoris  died  at  Ostend  on  August  30,  1900.  Bom  on 
November  12,  1845,  he  was  educated  at  Eton,  and  after  leaving  there 
served  his  time  with  Messra  Stevenson  &  Son,  engineers,  of  Newcastle- 
on-Tyne.  After  his  term  of  service  he  went  to  the  Continent,  and  had 
a  great  deal  to  do  with  the  construction  of  railways  in  the  North  of 
France  and  Belgium.  After  spending  about  ten  years  on  the  Continent 
he  returned  to  England  for  a  short  time,  and  after  that  he  went  to 
Hungary,  Egypt,  and  Brazil  on  various  railway  constructions.  He  was 
engaged  at  Islip  Furnaces  on  his  return,  and  shortly  after  that  he  and 
Mr.  F.  W.  Preston  took  over  the  ironstone  pits  of  Messrs.  Wallis  & 
Manners,  near  Kettering,  in  1876.  The  present  furnaces  on  the  Rock- 
ingham Road  were  begun  and  blown-in  in  1878.  He  was  managing 
director  with  Mr.  Preston  since  the  commencement  of  the  worka  He 
was  elected  a  member  of  the  Iron  and  Steel  Institute  in  1877. 

Charles  Tyldbn- Wright,  who  died  on  August  8,  1900,  at  his 
residence,  Mapperley  Hall,  Nottingham,  at  the  age  of  sixty-eight,  after 
a  few  days'  illness,  was  one  of  the  leading  authorities  on  coal-mining 
in  Great  Britain.  After  a  course  of  study  at  the  Royal  School  of  Mines 
and  at  Freiberg  and  Li^ge,  he  occupied  from  1858  to  1886  the  position 
of  managing  director  of  Shireoakes  Colliery.     From  1886  to  1890  he 
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I.— OCCURRENCE  AND  COMPOSITION. 

The  Gtenesis  of  Ore  Deposits. — Several  lengthy  papers  on  the 
origin  of  ore  deposits  have  recently  been  published.  Charles  R, 
Keyes  *  deals  with  the  origin  and  classification  of  ore  deposits.  He 
considers  the  basis  of  classification  and  presents  a  scheme. 

S.  F.  Emmons  t  discasses  the  secondary  enrichment  of  ore  deposits, 
giving  a  statement  of  his  belief  and  arguments  in  its  favour. 

In  a  course  of  four  Cantor  Lectures  delivered  before  the  Society  of 
Arts  by  Bennett  H.  Brough,}  on  the  nature  and  yield  of  metalli- 
ferous deposits,  the  author  incidentally  dealt  with  the  classification  of 
ore  deposits. 

The  simplest  classification  divides  them  into  (1)  beds,  (2)  veins,  and 
(3)  masses.  This  classification  has  proved  well  adapted  for  practical 
use.  The  more  elaborate  systems  of  classification  that  have  from  time 
to  time  been  proposed  are  fully  discussed,  the  classifications  dealt  with 
being  those  of  Agricola  (1655),  Burat  (1855),  B.  von  Cotta  (1853), 
Grimm  (1869),  J.  A  Phillips  (1884),  A.  von  Groddeck  (1878),  F. 
Posepn/  (1880),  Sir  A.  Geikie  (1882),  H.  S.  Monroe  (1892),  H.  F. 
Kemp  (1892),  H.  Louis  (1896),  H.  Hoefer  (1897),  and  6.  Gurich 
(1899).    The  last-named  investigator  uses  the  mode  of  concentration 

*  Trumactiont  of  the  American  Institute  of  Mining  Engineers,  February  1900. 

t  Ibid, 

X  Journal  of  the  Society  of  Arte,  vol  xlTiiL  pp.  67^-687. 
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and  Steel  Institate  in  1882,  has  been  investigated  by  M.  Yacek/  who 
gives  a  section  of  the  mountain  showing  the  complicated  character  of 
its  geological  structure.  The  mountain  is  situated  at  the  contact  of 
Triassic  rocks  and  PalsBozoic  and  crystalline  rocks.  It  forms  a  cone 
5000  feet  in  height^  and  is  composed  of  no  less  than  four  series  of 
beds  stratigraphically  independent — namely,  at  the  base  (1)  gneiss,  the 
oldest  rock  of  the  whole  district ;  (2)  Lower  Devonian  beds  deposited 
unconformably  above  the  gneiss;  (3)  the  ironstone  formation;  and 
lastly  (4)  the  Werfener  beds. 

An  account  is  published  t  of  the  iron  industry  of  Styria  in  the  fifteenth 
and  sixteenth  centuries.  Special  mention  is  made  of  the  influence 
exerted  by  Peter  Pogel  and  his  son,  in  the  latter  half  of  the  fifteenth 
and  the  first  half  of  the  sixteenth  centuries,  and  of  the  Am  Thbrl  iron- 
works. The  rise  and  subsequent  decadence  of  the  Styrian  industry  of 
that  period  is  shown  to  have  been  closely  connected  with  the  fortunes 
of  the  Pdgel  family. 

Iron  Ore  in  Bosnia. — The  iron  ore  district  of  Vares,  in  Bosnia,  has 
been  described  in  a  work  of  94  pages  by  F.  Eatzer.|  Illustrated  by  a 
coloured  geological  map  and  by  22  illustrations  in  the  text,  it  deals 
exhaustively  with  the  geological  structure  of  the  district,  the  iron  ore 
deposits,  and  the  deposits  of  manganese  and  sulphide  ores.  The  iron 
ore  deposits  have  long  been  known.  Indeed,  they  are  believed  to  have 
been  worked  in  pre-Roman  times.  The  beds  are  of  Triassic  age  and 
occur  in  association  with  limestone.  The  deposits  are  described  as  being 
among  the  richest  in  Europe. 

Iron  Ore  in  France. — F.  Villain  recently  read  before  a  technical 
society  at  Nancy  an  important  paper  on  the  iron  ore  deposits  of 
Meurthe-et-Moselle.  It  is  published  in  full  in  the  Eevue  IndvetrieUe  de 
VEst  of  July  1,  accompanied  by  a  map  of  the  mines  of  the  Briey  basin, 
a  contour  map  of  the  Briey  deposit,  various  sections  of  the  ore-bearing 
beds,  section  of  the  Briey  basin  between  Sancy  and  Eton  and  between 
Mercy  and  Avril,  and  a  geological  sketch  map  of  the  East  of  France. 

Iron  Ore  in  Lorraine. — A  map  of  the  minette  ore  district  of 
Lorraine  and  Luxemburg,  together  with  some  illustrations  and  a 

*  Jahrbueh  der  k.k.  geologUcken  JUicktarutaU,  vol.  L  pp.  23-S2. 

t  Oesierr.'Ung.  Monta/n-  und  Met*  Zeitung,  1900,  No.  14;  Stahl  und  Ei»en,  roL  xx. 
pp.  614-615. 

t  Berg-  und  HiUtenmdnni$ohe»  Jahrtuoh  der  k.k.  Bergckkademien^  yoL  xItuI.  pp. 
99^189. 
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Iron  Ore  in  Russia.  — In  a  paper  lead  at  the  IntematioQal 
Mining  Congress  at  Paris,  Szymanowsky  ♦  described  the  Krivoi-Rog 
ore  deposits,  and  the  present  conditions  of  the  metallurgical  industry 
in  Southern  Bussia.  Plans  of  the  deposits  are  given  and  their 
geology  is  discussed.  It  is  considered  that  the  mineral  wealth  of 
Krivoi-Rog  constitutes  the  foundation  of  the  iron  industry  in  South 
Russia,  the  other  productive  patches  of  the  so-called  crystalline  schists 
(of  which  the  Rrivoi-Rog  basin  forms  part)  containing  only  very  small 
quantities  of  iron  ore.  The  Krivoi-Bog  reserves,  estimated  from  trust- 
worthy data,  are  sufficient  to  maintain  this  industry  for  thirty  years. 
Although  the  available  quantity  of  Kertch  ore  is  enormous,  it  cannot 
be  used  in  works  far  removed  from  the  deposit ;  and  even  at  those 
near  Kertch  the  local  ore  can  scarcely  be  employed  in  larger  pro- 
portions than  30  to  40  per  cent  of  the  charge. 

Iron  Ore  in  Spain. — An  account  has  been  published  t  of  a  com- 
pany which  has  been  formed  to  work  the  Carrefio  iron  ore  mines 
in  Asturias.  There  are  six  beds  of  hsBmatite  of  Devonian  age,  the 
amount  of  ore  available  being  estimated  at  60,000,000  tons.  Typical 
analyses  of  the  ore  yielded  50*89,  49*88,  and  47*59  per  cent  of  iron. 


Swedish  Iron  Ores. — The  following  are  analyses  of  the  Swedish 
iron  ores  exhibited  at  the  Paris  Exhibition  :| — 


Oro  from 

Iron. 

Phoiphonu. 

Snlphor. 

JohaDDesberg     . 
Borftngiberg 

Per  Cent. 
61*4 
65*6 
68*1 
62-0 

Per  Cent. 
0*002 
0-006 
0*003 
0*008 

Per  Cent. 
0*030 
0-025 
0*008 
0-003 

Iron  Ore  Deposits  in  Northern  Sweden.— In  1899  two  ex- 
peditions were  sent  oat  officially  for  the  purpose  of  examining  the 
iron  ore  deposits  of  the  province  of  Norbotten,  and  a  report  of 
their  work  has  recently  been  published  by  F.  Svenonias§  and 
W.  Petersson.  Altogether  forty-four  different  ore  deposits  were 
examined.      Most    of   them    occur    in    syenite,    syenite    porphyry, 

*  Bulletin  de  la  SocUU  de  V Industrie  Minirale  (advance  proof). 

t  BtvisUi  Minem,  vol.  li.  p.  465. 

t  Stahl  md  Biaent  vol.  xx.  p.  636. 

§  Jemk&rUoreU  AnnmUr,  1900,  n>.  215-368. 
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and  ode  spar;  and  while  somewhat  richer  in  iron  than  the  black 
ore,  IB  poorer  in  phosphoras  and  calcinm  carbonate.  Titanic  acid 
and  solphor  are  low  in  both  cases. 

This  Svappavara  deposit  consists  ef  a  system  of  elongated  lenses^ 
surrounded  by  syenitic  granulite,  striking  north  and  south  and  dipping 
sharply  to  the  east. 

A  newly  opened  up  ore  deposit  is  that  of  Leyeaniemi.  It  is  of  large 
extent,  but  throughout  its  whole  length  is  covered  with  from  10  to  48 
feet  of  over-burden.  Diamond  drills  have  shown  large  deposits  of 
hiematite  and  magnetite.  The  iron  contents  varies  from  60*73  to  70*39 
per  cent,  that  of  phosphorus  from  0*008  to  2*35,  and  that  of  sulphur 
from  0*03  to  0*05.  An  average  sample  contains  007  per  cent  of 
titanic  acid.  The  length  of  the  deposit  is  estimated  at  over  3900 
feet,  and  its  width  at  from  500  to  1640  feet 

To  the  south-east  and  north>west  of  the  village  of  Svappavara  lie 
other  deposits.  One  of  these,  that  of  Mertainen,  is  of  very  consider- 
able extent.  Thirty-seven  analyses  of  the  separated  ore  showed  from 
41-28  to  69*48  per  cent  of  iron,  and  from  0*002  to  0*277  per  cent  of 
phosphorus.  About  five  miles  south  of  the  above  field  is  that  of  Paini- 
rova.  The  conditions  are  much  the  same  in  both  cases,  except  that  in  the 
latter  there  are  very  considerable  local  enrichments  of  apatite,  whereas 
in  the  Mertainen  deposit  this  mineral  was  of  minor  importance.  In  a 
number  of  average  samples  the  iron  contents  was  found  to  vary  from 
51*44  to  68*31,  and  that  of  phosphorus  from  0*023  to  1*587. 

Owing  to  a  thick  over-burden  of  earth,  it  was  not  possible  to  thoroughly 
investigate  this  deposit  The  ores  may  be  considered  as  consisting 
of  a  fine-grained  magnetite,  which  in  places  is  veiy  porous,  probably 
due  to  one  or  other  of  the  mineral  constituents  of  the  ore  having  been 
dissolved  out  The  percentage  of  phosphorus  is  low  in  the  north* 
western  portion  of  the  district^  varying  from  0*014  per  cent  to  0*061, 
with  an  iron  percentage  of  from  60*69  to  69*31  in  five  samples 
examined.  In  the  south-western  and  eastern  portions  of  this  field 
the  phosphoms  contents  is,  on  the  other  hand,  very  high.  It  varies 
there  from  0*244  to  1*380.  The  percentage  of  iron  varies  greatly, 
but  does  not  fall  below  50.  The  apatite  is  in  part  very  coarse  grained 
and  unevenly  distributed.  The  quantity  of  available  ore  is  not  believed 
to  be  very  great 

The  Ylipasnjaska  and  Nokutusvara  deposits  are  next  briefly  referred 
to,  but  little  definite  being  known  about  them  yet  The  Tuolluvara 
deposit  is  about  three  miles  to  the  east  of  that  of  Luossavara.    Magnetic 
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deposits  of  Northern  Sweden  is  discussed  by  O.  Voge),*  and  varioos 
translations  of  it  have  appeared.! 

Iron  Ore  in  Switzerland. — A  brief  reference  is  made  to  the  iron 
ores  of  the  Bernese  Oberland.  These  were  worked  down  to  the  end  of 
the  eighteenth  century.  The  ore  is  foand  in  beds  of  about  1  yard 
to  4  yards  in  thickness.  They  formerly  served  blast-furnaces  at 
Miihlithal  and  Grand,  near  Innertkirchen.  The  fuel  used  was  char- 
coal, and  the  woods  being  destroyed,  the  furnaces  had  to  stop.  The 
ore  averages  about  50  per  cent  of  iron.  J 

Iron  Ore  in  New  South  Wales.— W.  S.  Dun§  has  published  a 
list  of  papers  and  reports  dealing  with  the  economic  geology  of  New 
South  Wales.  The  list  includes,  under  a  separate  heading,  the  titles 
of  the  more  important  papers  dealing  with  the  occurrence  of  iron  ore 
in  New  South  Wales. 

J.  B.  Jaquetjl  gives  some  notes  on  the  iron  ore  deposits  in  the 
Carcour  district,  Bathurst  county,  New  South  Wales.  The  ore  is 
haematite,  and  analyses  show  as  follows  : — 


aUic  Iron. 

SUica. 

55-80 

7-45 

0S96 

57-54 

5-90 

0166 

55-80 

6*95 

0-063 

Iron  Ore  in  New  Zealand. — H.  P.  Washbournll  shortly  de- 
scribes the  Parapara  iron  ore  deposit  in  New  Zealand.  It  is  situated 
on  Grolden  Bay,  five  miles  south  of  CoUingwood.  The  ore  is  limonite, 
containing  53*38  per  cent  of  iron,  and  is  free  from  phosphoras.  It  is 
found  in  a  limestone  basin,  some  four  miles  long  by  three  broad, 
dipping  to  the  north.  The  width  of  ore  outcropping  on  the  surface 
is  from  10  to  13  chains,  and  shows  in  large  masses  for  several 
miles  southwards  or  inland.  The  limestone  of  the  basin  is  a  very 
pure  carbonate  of  lime ;  the  impurities  amount  at  most  to  less  than 
2  per  cent.  Goal  is  being  worked  in  a  seam  4|  feet  in  thickness 
at  the  northern  end  of  the  bay. 

*  Stahl  und  Eisen,  toI.  xx.  pp.  530-536,  590-592. 

t  Iron  and  Choi  Tradet  BevieWt  toL  IxL  pp.  78,  123 ;  OUkkauf,  toL  zzxri  pp. 
620-621,  658-660. 

X  Stahl  und  Eiten,  toI.  xx.  p.  600. 

§  Records  of  the  Geological  Survey  of  New  SotUh  Walet,  toL  yi.  pp.  183-357. 

II  Colliery  0%Mrdian^  vol.  Ixxx.  p.  553. 

IT  New  Zealand  Minet  Record^  Bl*roh  1900 ;  Engineering  and  Mining  Jo^nmal,  woL 
Ixix.  p.  588. 
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yet  been  touched.  From  the  three  workings  in  the  lower  bed  the 
ore  obtained  shows  56  to  60  per  cent  of  iron  with  0*4  to  0*7  of  phos- 
phorus.    Other  districts  are  also  described  and  illustrated. 

The  Crystal  Falls  Iron-bearing  District— The  United  States 
Geological  Survey*  has  published  a  monograph,  covering  512  pages, 
with  53  plates  and  24  illustrations,  on  the  Crystal  Falls  iron-bearing 
distnct  of  Michigan,  by  J.  M.  Clements  and  H.  L.  Smyth,  with  a 
chapter  on  the  Sturgeon  river  by  W.  S.  Bayley  and  an  introduction  by 
C.  R  Van  Hise.  The  district  derives  its  name  from  the  principal  mining 
town,  and  the  area  reported  upon  connects  the  Marquette  district  on 
the  north  and  the  Menominee  district  on  the  south.  The  ore  worked  is 
haematite  and  limonite,  associated  with  white  and  reddish  chert.  The 
ore  bodies,  which  dip  to  the  west  at  varying  angles,  are  concentrates  in 
synclinal  troughs.  The  mining  is  now  for  the  most  part  underground, 
and  is  carried  on  in  open  stopes.  The  greatest  shipment  of  ore  from  the 
area  was  586,970  tons  in  1892.  The  district  embraced  in  the  report 
covers  1296  square  miles,  including  the  Crystal  Falls,  Amasa,  Felch 
mountain  or  Metropolitan  and  Sturgeon  river  districts.  Of  these,  the  first 
two  produced  nearly  325,814  tons  of  ore  in  1898,  chiefly  non-Bessemer 
hsematites  and  limonites.  Geologically  the  district  connects  the 
Marquette  and  Menominee  districts,  and  consists  of  Huronian  rocks 
enclosing  two  archean  patches.  The  history  of  the  Crystal  Falls 
district  is  closely  parallel  to  that  of  the  Marquette  district,  but  the 
number  of  distinct  formations  recognised  in  it  is  smaller.  The  ores 
exist  in  it  in  Huronian  beds,  which  lie  unconformably  above  an  older 
series  of  crystalline  schists.  Glauconite  or  some  iron  carbonate  was 
the  original  source  of  the  iron,  and  descending  waters  were  the  agents 
of  decomposition^  transportation,  and  precipitation. 

Iron  Ore  in  Gteorgia. — R.  H.  Coupert  notes  the  increasing  im- 
portance of  the  yellow-ochre  mines  of  the  Carterville  district  in  Georgia. 
The  bed  is  3  to  8  feet  in  thickness  and  about  28  tons  of  ochre  are  pro- 
duced daily. 

Iron  Ore  in  MassachnsettS. — In  a  monograph  on  the  geology  of 
Eastern  Berkshire,  Massachusetts,  B.  K.  Emerson  X  points  out  that  there 
is  not  the  slightest  possibility  of  finding  coal  in  the  district.     Much 

*  Monographi  of  the  United  States  Oeologieal  Survey,  vol.  zxzri. 
t  Engineering  and  Mining  Journal^  toL  Izix.  p.  788. 
X  United  Statet  Gtologieal  Survey,  BuUetin  No.  159. 
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Recent  Beseftrdies  on  Meteorites.— S.  Meunier*  giyes  mn 
account  of  the  meteorite,  weighing  about  750  lbs.,  which  fell  on  Blarch 
12,  1897,  in  the  Oulf  of  Finland,  making  a  hole  9  yards  in  diameter 
through  ice  26  inches  in  thickness,  and  burying  itself  6  yarA  deep  in 
the  submarine  clay.  Two  pieces  of  184  and  48  lbs.  were  exhibited  at 
the  Paris  Exhibition.  The  author  describes  it  as  oolitic,  composed  of 
chrysolite  and  pyroxene,  with  grains  of  nickel  iron,  iron  sulphide,  and 
chromite.     Its  specific  grayity  is  3*54. 

According  to  H.  L.  Preston,  t  a  meteoric  iron,  which  weighs  6903 
grammes,  was  found  in  1896  near  Luis  Lopez,  Socorro  Co.  It  contains 
numerous  nodules  of  troilite  surrounded  by  zones  of  schreibersite  or  of 
a  graphitic  substance.  The  etched  surface  shows  typical  octahedral 
Widmanstatten  figures.  The  structure  and  chemical  composition 
(analysis  I.)  of  this  iron  distinguish  it  from  the  five  other  irons 
(Costilla,  Glorieta,  El  Capitan,  Sacramento  Mountains,  and  Oscuro) 
recently  found  in  the  same  region  in  New  Mexico. 

Fe.  Ni.        Co.         Si.         P.  8.  G.       Totals.   8p.gr. 

L  .    .    91*812     8170     0160     tnoe     0*383     0*018     0*012     100*00       7*7 
n.  .    .    94734     4*620     0180        ...       0*442     0*016     0*009     100-00       7*6 

All  that  is  known  of  the  history  of  the  Central  Missouri  iron  is  that 
it  was  found  in  the  fifties  in  Central  Missouri.  About  half  the  mass 
weighs  12,360  grammes.  It  is  penetrated  by  numerous  fissures  filled 
with  a  graphite-like  substance,  and  in  part  by  schreibersite.  The  etched 
surface  is  minutely  pitted.     Analysis  gave  the  result  shown  under  IL 

W.  E.  Hidden  X  illustrates  a  piece  of  meteoric  iron  found  in  Hayden 
Creek,  Idaho,  by  a  gold  prospector  at  the  bottom  of  a  twelve-foot  shaft 
With  much  difficulty  he  succeeded  in  breaking  it  with  a  14-lb.  sledge. 

H.  L.  Preston  §  describes  an  aerolite  from  Oakley,  Logan  County, 
Kansas,  weighing  61  lbs.  10  oz.  It  contains  14*44  per  cent  of  iron 
and  nickel  in  the  metallic  state  and  85*56  per  cent  of  silicates.  It  is 
of  the  chrondritic  olivine-enstatite  type. 

E.  Bo8c4  y  Casanoves  ||  describes  the  meteorite  that  fell  at  Quesa, 
in  Valencia,  Spain,  on  August  1, 1898.  It  weighs  10,670  grammes,  and 
has  the  fine-grained  structure  of  an  ataxite.     Its  specific  gravity  is 

*  Le  NaiureUuU  ;  American  Journal  of  Seieneet  voL  x.  p.  250. 
t  Ameriean  Journal  ofSoienee,  roL  iz.  pp.  283-286. 
X  IhicL,  Tol.  ix.  pp.  367-368. 
§  Ihid.,  pp.  410-412. 

WAetai  Soeiedad  EtpaHola  HiH.  Nat,,  1899,  pp.  68-66;   Jowmal  of  the  Chtmiml 
Soeietp,  voL  IxxviiL  p.  415. 
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Emil  W.  Cohen  *  gires  some  new  analyses  of  the  following  meteoric 
irons: — 

Salt  Rioer^  Kentucky. — ^In  stractore  (octahedral  with  fine  lamellsB) 
and  composition  (analysis  L)  this  resembles  the  Ballinoo  and  Tocavita 
irons.    Specific  gravity,  7*6648. 

Cktpe  of  Good  Hope, — Analysis  IL  Specific  gravity,  7*8543.  This 
resembles  the  Kokomo  and  Iqnique  irons. 

Bablfe  Mill,  Oreen  County,  Tennessee. — ^Analyses  IIL  and  IV.  are  iji 
material  from  different  portions  of  the  mass  described  by  BUke  in 
1886  under  the  name  Green  County.  V.  is  of  the  Babb's  MUl  mass, 
described  by  Troost  in  1845.  Although  these  differ  considerably  in 
chemical  composition,  they  probably  represent  the  same  fall,  since  both 
belong  to  the  rare  type  of  ataxites  rich  in  nickel. 


Fe.       NL 

1 

CJo. 

Ou. 

Cr. 

C. 

8. 

P. 

CL 

Totol*. 

L        .    . 

90-89 

870 

0-86 

0-04 

0-00 

0D2 

tnc« 

0-34 

100-84 

n.     .  . 

82-87 

16-67 

0-96 

003 

0-04 

0-03 

0-00 

0-09 

0-01 

99^ 

III.  .  . 

88-41 

11*09 

0-66 

nndet. 

0-02 

0-03 

trace? 

trftoe 

0^ 

100^ 

IV.    .    . 

88-23 

11-01 

072 

nndet. 

0-02 

0-03 

trace? 

trmoe 

OOl 

100^02 

V.      .    . 

81-46 

17-30 

1-67 

0-03 

0-03 

0-07 

0-01 

012 

nndet. 

100-68 

Origin  of  Native  Iron. — C.  Winkler  t  suggests  that  the  native  iron 
found  in  the  basalt  of  Disko  Island,  West  Greenland,  may  have  been 
formed  from  iron  and  nickel  carbonyls. 


Manganese  Ore  in  France. — ^F.  Klockmannj  describes  the 
manganese  ore  deposits  of  the  French  Pyrenees.  The  deposits  are  of 
two  types  : — 1.  Those  of  the  Vielle  Aure  type,  which  are  conformably 
interstratified  between  Devonian  slates.  The  ore  consists  of  manganese 
oxides  that  pass  with  increasing  depth  into  silicates  (rhodonite  and 
friedelite).  2.  Those  of  the  Las  Cabesses  type,  whiclf  occur  in  Upper 
Devonian  grits.  The  outcrop  consists  of  oxides,  but  at  greater  depths 
masses  of  pure  carbonate  occur.  In  a  crude  state  the  ores  contun  40 
to  42  per  cent  of  manganese,  1  '5  to  2  per  cent,  of  iron,  6  per  cent,  of 
lime,  6  to  7  per  cent,  of  silica,  and  0*04  to  0*05  per  cent,  of  phosphorus. 
When  calcined,  the  ores  contain  50  to  56  per  cent  of  manganese. 

*  AnnaUn   dti  k,k,  naturhUtoriiehen  Hofmuteunii  tu  Wien,  toL  xt.  pp.  74-94; 
Journal  of  the  Chemical  Society,  toI.  Ixxviii.  p.  664. 

t  BeriehUderk6nifflicheni&ohiiiehenOBtelUchafl,Maihemaii$ohe'phpiikalisch 
▼ol  lii.  pp.  9-16 ;  Journal  of  the  Chemical  Society,  vol.  Izxriii.  p.  598. 

t  ^eit^ihriftfUrpraktitehe  Oeoloffie,  1900,  pp.  265-275. 
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loading  ore  into  waggons.  The  machine  is  the  first  one  boilt,  and  it 
has  worked  well,  except  that  parts  require  strengthening.  It  consists 
of  a  kind  of  bucket  elevator,  like  that  used  in  a  dredge,  mounted  on  a 
truck  with  a  pivoted  adjustment,  the  angle  of  which  can  be  altered. 
It  excavates  and  raises  the  ore  so  that  it  falls  into  the  waggons. 

Construction  of  a  Dam. — W.  Oppl*  describes  the  construction 
of  a  dam  to  keep  back  water  issuing  from  a  long  cross-cut  in  connec- 
tion with  the  Przibram  mines  in  Bohemia.  In  its  construction  48 
tons  of  Portland  cement,  26  tons  of  slag  sand,  5000  slag  bricks,  and 
other  material  was  employed.  The  total  cost  of  the  materials  was 
about  X31,  and  the  wages  paid  amounted  to  about  £83.  Details  are 
given  as  to  how  a  spot  was  selected  at  which  to  construct  the  dam, 
and  then  of  the  dam  itself.  The  central  portion  of  this  consisted  of  a 
mixture  of  one  part  of  Konigshof  Portland  cement  and  two  parts  of 
granulated  iron  blast-furnace  sand  and  four  parts  of  quartz.  This  was 
prepared  quite  close  to  the  dam.  The  great  care  taken  in  the  construc- 
tion of  the  dam,  and  the  difficulties  that  had  to  be  overcome  in  its  con- 
struction, caused  this  to  require  about  ten  weeks  for  its  completion. 
It  had  to  withstand  great  pressure,  and  this  was  subsequently  found 
by  a  manometer  to  have  reached  thirty-one  atmospheres,  at  which  the 
pressure  has  remained  constant  since  August  1898,  the  dam  having 
shown  no  signs  of  yielding.  It  was,  however,  anticipated  that  the 
dam  would  have  to  withstand  a  still  higher  pressure,  estimated  at  as 
much  as  forty-one  atmospheres.  The  erection  of  this  dam  has  meant 
a  saving  of  about  40  tons  of  coal  a  month  for  pumping  purposes. 

Iron  Ore  Blining  in  Belle  Island.— K.  E.  Cliambers  t  gives  some 
notes  on  the  iron  ore  mining  at  the  Wabana  mine  on  Belle  Island,  with 
numerous  plans  and  illustrations,  especially  of  the  haulage,  storage, 
and  shipping  plant. 

Lake  Superior  Mining.— According  to  W.  Fawcett,}  activity  in 
the  Lake  Superior  iron  ore  district  has  greatly  increased  this  year, 
and  a  recent  estimate  places  the  ore  in  sight  at  400,000,000  tons.  At 
the  Biverton  mines,  on  the  Menominee  Bauge,  the  Iron  river,  a  stream 
of  considerable  size,  has  been  diverted. 

*  Oesterreichische  Zeittchnft  fUr  Btrg-  imcf  HiiiUnweieny  vol.  xlviii.  pp.  33-36,  with 
tliree  iUtiBtrationf. 
t  Jouifxal  of  tlic  Canadian  Mining  Institute^  vol.  iii.  p|i.  130-132,  with  uz  pUtes. 
X  American  Manufacturet't  vol.  Ixvi.  pp.  274-275. 
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by  Frahm.*    The  aceoant  is  one  of  very  oonsideTable  length,  and 
generally  is  a  most  important  addition  to  the  literatore  of  this  subject. 

In  a  series  of  articles,  the  questions  connected  with  the  transport  and 
storage  of  iron  ore  and  coal  are  dealt  with  very  fully  by  M.  Buhlcf 
The  author  gives  a  large  number  of  illustrations  descriptive  of  the 
methods  in  use  for  the  above  purposes  at  a  large  number  of  different 
places. 

Aumund  X  describes  the  Hunt  transporters  for  iron  ore  erected  at 
several  European  works. 

A.  Hausing§  discusses  the  relative  value  of  wire  ropeways.  In  the 
case  in  question,  the  ore  had  to  be  brought  down  to  a  washing  plant 
from  a  mine  nearly  1100  feet  higher  up.  The  old  system  of  waggona, 
cars,  or  sledges  did  not  succeed  in  keeping  the  washing  plant  fully 
employed,  and  besides  was  very  costly.  A  new  method  had  therefore 
to  be  adopted.  The  question  considered  was  whether  this  should 
take  the  form  of  an  incline  or  of  a  wire  ropeway.  The  cost  of  the  former 
was  less  than  two-fifths  that  of  the  latter,  and  it  was  consequently 
erected.  It  worked  very  well  in  summer,  but  cost  far  too  much  to 
keep  open  in  winter,  as  six  feet  or  more  of  snow  often  settled  upon  it. 
A  wire  ropeway  was  subsequently  erected  elsewhere  at  these  mines. 
This  was  more  expensive  to  build,  but  requires  less  labour,  and  is 
generally  much  cheaper  to  work,  besides  not  suffering  from  winter 
snow. 

A.  Dory  ||  describes  and  illustrates  the  cantilever  loading  stages  of 
Onton,  Dicido,  Sonavia,  Castro-Allen,  Castro-Urdiales,  and  Setares  on 
the  northern  coast  of  Spain,  in  Biscay,  Guipuzcoa,  and  Santander.  That 
at  Onton  is  the  largest^  being  328  feet  in  length,  with  an  overhang  of 
213^  feet,  and  a  height  of  55  feet  above  sea-level. 

W.  FawcettU  illustrates  and  describes  the  three  Hulett  ore  an- 
loaders  at  Conneaut,  Ohio,  on  Lake  Erie,  one  of  which  was  in  work 
last  year,  and  the  two  new  machines,  which  are  practically  double 
machines.  In  the  first  machine  a  clam-shell  bucket^  holding  10 
tons,  is  carried  by  a  leg  at  the  end  of  a  pivoted  beam,  and  the  leg 

«  Stahl  und  EUen,  vol  xx.  pp.  613-522,  697-608,  663-661,  698-701,  750--762,  and 
798-802,  with  70  illuBtrfttions. 

t  ZeiUchrift  det  Vereinet  deuttcher  IvgenieurCt  vol.  xxxir.  pp.  725-732, 1093-1098, 
with  220  iUustratioDs. 

X  stahl  und  Eisen,  toI.  xx.  pp.  825-836 ;  Colliery  Ouai'dian,  toL  Ixxx.  pp.  475-478. 

§  Oeaterrtichitche  ZeiUchrift  fUr  Berg-  und  HiUtemoaent  vol.  xlviiL  p.  442. 

II  Pamphlet  presented  to  the  Library  by  the  Author* 

H  Iron  Age,  AprU  6, 1900,  pp.  1-6. 
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pore^  and  in  order  to  know  the  size  of  the  grains  to  which  the  mineral 
should  be  reduced  for  treatment,  it  was  advisable  to  examine  them  with 
a  microscope.  In  treating  ores  mixed  with  pyrites,  it  was  possible  to 
obtain  good  results  by,  first  of  all,  partially  roasting  the  ore,  so  as  to 
eliminate  the  sulphur,  and  a  large  number  of  minerals,  which  could 
only  be  separated  with  difficulty  by  the  magnet  when  dry,  could  be 
easily  treated  when  they  were  held  in  suspension  in  water.  There  is 
a  vast  field  open  for  good  and  useful  inventions  for  the  magnetic 
separation  of  minerals,  and  there  is  also  a  great  deal  to  be  done  in 
utilising  the  very  fine  ore  obtained  by  these  processes  in  the  blast- 
furnace without  considerably  diminishing  the  production  or  augment- 
ing the  cost  of  fuel.  The  only  satisfactory  solution  seems  to  be  to 
transform  the  fine  ore  into  compact  masses,  and  it  has  been  proposed 
to  manufacture  briquettes  by  means  of  a  mixture  of  argillaceous 
cement ;  but  the  result  has  not  been  satisfactory  any  more  than  the 
other  methods  of  using  hydrated  lime  and  siliceous  matters.  Trials 
with  a  mixture  of  very  fine  grains  of  iron  ore  and  coal  had  failed,  but 
with  certain  other  bodies  containing  carbon,  such  as  tar  and  petroleum 
or  cellulose  by-products,  some  success  has  been  attained  by  raising  the 
materials  to  a  relatively  high  temperature  and  subjecting  them  to  a 
great  pressure.  A  solid  product  could  only  be  obtained  with  very  fine 
grains  of  mineral,  so  that  in  this  sense  the  magnetic  preparation  gave 
the  best  results.  These  trials  were  still  incomplete,  and  required  to 
be  followed  up  on  a  larger  scale. 

A  further  paper  by  Smits  also  describes  the  Wetherill  process  and 
the  Lohmannsfeld  plant,  erected  in  the  Siegen  district  for  treating  a 
mixed  ore  containing  blende,  galena,  spathic  iron,  &c 

Tlie  Wetherill  process  is  described  by  C.  Blomeke  *  in  an  article 
on  the  progress  of  ore  dressing,  of  which  a  translation  has  ap- 
peared.t 

N.  Pellati  I  describes  the  mechanical  and  other  appliances  used  in 
Sardinia  for  dressing  ores.  Magnetic  separators  are  used  for  limonite, 
rendered  magnetic  by  roasting. 

E.  Ferraris  §  describes  some  ore- washing  plants  in  use  at  the  mines 
of  Sardinia.  Some  **  swinging  sieves  "  are  described  as  used  for  various 
ore  sizes.     Mention  is  also  made  of  a  small  plant  for  the  magnetic 

♦  Berg-  und  HiUienmUnnUehet  Jahrhuch  dei'  k.k,  BergakademieHy  vol.  xlvi. 
f  School  of  MincM  Quarterly.  toI.  zxi.  pp.  28-47, 136-169,  239-260. 
X  Paris  Congreu  on  Mining  and  MetaUurgy,  1900  (advanoe  proof). 
§  Oesterreichiiehe  JStitachrift  fUr  Btrg-  und  SUttenwesen,  vol.  zlviii.  pp.  229-231 ; 
with  Ulustratioiis. 
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REFRACTORY  MATERIALS. 


FiraclAJ' — H,  Seger  *  and  K  Cramer  gire  uudjaes  of  the  raw  and 
bamt  clay  from  BreiUcheid,  Oermanj.  Claj  I.  has  a  mdUng-patnt 
about  eqaat  to  the  Seger  cone  No.  34,  while  the  meltrng-point  of 
clay  II.  lies  between  those  of  the  Seger  cones  Nos.  32  and  31. 
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This  clay  was  known  and  used  in  the  Middle  Ages. 

H.  Wedding  t  gives  the  following  analysis  of  a  kaolin  from  Mituiski, 
tn  Ja)>ani  which  is  used  in  the  manufacture  of  the  bricks  employed  in 
th«»  chequer-work  of  the  regenerators  of  open-hearths : — 


Aluminn 
MaKtt«aia 


tyoiai 100-as 

U  has  a  v^ry  high  me}tiug>|Munt^  about  that  of  the  Seger  eone 
N\V  S\  In  manufadurtng  the  bricks^  IS  per  cent  of  pnre  bunt 
katxan  k  mixtn)  with  unboral  ebj .  Of  this  a  ■uztnre  is  Bftde  of  eoane 
and  fin«  tnati^m)  <^blai«^  by  separation  bj  ciftag.  In  tkis  way  brides 
«aii  be  iMd^  Ibal  baxy  a  fin^>$mned  sw^mx;  and  do  not  bold  tbe  < 
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• 
avoided.      It  should  be  short,  sharp,  and  clean.     Combined  water 

indicates   the    presence  of  kaolinite,  and  should   therefore  be  low. 

The  fluxes  probably  range  from  4  to  5  per  cent.,  but  vary  in  amount 

according  to  the  nature  of  the  constituents,  as  the  alkalies  are  more 

powerful  fluxes  than  iron. 

Oraphite  Crucibles. — W.  F.  Downs  ♦  deals  with  the  occurrence, 
treatment,  and  application  of  graphite.  The  total  annual  production  is 
not  exactly  ascertainable,  but  it  certainly  does  not  exceed  60,000  tons 
yearly.  Austria  and  Ceylon  are  the  leading  producers,  and  a  fair 
quantity  is  also  obtained  in  Germany  and  Italy.  The  raw  material  is 
difiicult  to  treat  owing  to  the  close  approximation  of  the  gangue  to 
the  graphite  in  its  specific  gravity.  Both  wet  and  dry  methods  are, 
however,  in  use.  The  manufacture  of  crucibles  is  then  described  on 
general  lines,  and  their  use  is  dealt  with,  after  which  the  materials  and 
mixtures  used  and  the  processes  adopted  are  considered  in  greater 
detail. 

Graphite  in  Bavaria. — In  a  report  on  the  economical  condition  of 
Bavaria,  F.  D.  Harford,!  of  the  British  Legation  at  Munich,  says  that 
graphite  is  one  of  the  most  valuable  minerals  found  in  Bavaria,  and 
represents  almost  a  monopoly  for  the'  country,  as  the  only  formidable 
competitor  in  the  supply  of  natural  graphite  is  Ceylon.  The  produc- 
tion in  Ceylon  has,  however,  decreased  in  the  last  six  years  from 
30,000  tons  to  12,000  to  15,000  tons  annually,  causing  a  great  rise  in 
prices,  as  the  deficit  could  not  be  made  good  from  other  sources.  The 
price  of  Ceylon  graphite  ranges  from  £50  to  £76  per  ton.  In  Bavaria 
the  graphite  deposits  are  found  near  Passau,  and  are  inferior  to  the 
Ceylon  graphite,  as,  while  the  latter  is  nearly  pure,  the  former  has 
about  60  to  75  per  cent,  of  earthy  substances  mixed  with  it.  The 
Passau  graphite,  however,  can  be  purified  by  a  very  simple  and  inex- 
pensive process,  and  a  substance  produced  that  is  quite  equal  to  the 
Ceylon  graphite.  Unfortunately  this  process  is  little  used,  as  the 
deposits  are  spread  amongst  a  number  of  small  proprietors,  who  work 
on  a  small  scale,  in  the  cheapest  manner  possible.  The  result  is  that 
there  is  a  waste  of  raw  material,  of  which  it  is  said  that  nearly  90  per 
cent,  is  absolutely  thrown  away  owing  to  the  unscientific  system  of 

♦  Iron  Age,  April  19, 1900,  p.  8 ;  May  3,  p.  3 ;  May  10,  p.  9 ;  May  24,  p.  5 ;  Jane  14, 
p.  26. 
t  Foreign  OflBce  Report,  September  1900. 
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1.—CAL0RIFW  VALUE. 

Oalorimetry. — C.  V.  Kerr*  gives  some  notes  on  tbe  Berthier 
method  of  determining  the  calorific  value  of  coal  by  weighing  the 
buttons  of  lead  produced  on  fusing  a  mixture  of  litharge  and  the 
powdered  fuel.  In  view  of  the  fact  that  a  different  amount  of  heat  is 
lost  in  the  products  for  combustion  from  the  hydrogen  and  the  carbon 
in  the  fuel,  and  that  allowances  may  be  made  for  the  bituminous  or 
non-bituminous  nature  of  the  coal,  fairly  comparative  results  may  be 
obtained,  and  of  these  a  number  are  given. 

Euch^ne  t  has  presented  to  the  International  Ghis  Congress  at  Paris 
a  lengthy  paper  dealing  with  the  thermal  reactions  that  occur  during 
the  distillation  of  coal.  The  amount  of  the  products  and  the  heat 
liberated  or  absorbed  in  their  production  is  given  for  several  varieties 
of  coal  and  peat,  the  results  being  shown  in  a  large  number  of  tables. 

W.  Kent  \  discusses  the  economical  use  of  fuel,  and  summarises  the 
recent  researches  on  the  calorific  value,  with  special  attention  to  the 
work  of  Lord  and  Haas. 

E.  D.  Meier  §  gives  a  popular  account  of  the  amount  of  energy  con- 
tained in  a  pound  of  coal,  and  of  the  amount  of  work  it  is  capable  of 
giving. 

*  Trantactumi  of  ike  Ameriean  Soeieip  of  Methanieal  Bngvneert,  vol.  xxL  pp.  904-816. 

t  Journal  of  Oat  Lighting,  October  1900. 

X  The  Mineral  InduH^y,  vol.  yiii.  pp.  124-157. 

g  Ca$$ier*a  Magosvn/t^  vol.  zriii.  pp.  65-70. 
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how  far  these  rays  might  be  utilised  in  ascertaining  the  percentages  of 
ash  in  coal  had  shown  that  the  permeability  of  one  and  the  same 
seam  for  these  rays  yaried  in  different  parts  to  such  an  extent  as  to 
render  them  useless  as  a  guide  as  to  the  ash  contents.  The  author 
concluded  that  while  any  slate  mixed  with  the  coal  was  relatively 
of  an  approximately  good  degree  of  permeability,  small  admixtures 
of  the  oxides  of  the  heayy  metals  greatly  reduce  the  permeability  of 
the  coal  for  these  rays.  The  author  has  since  investigated  this  point, 
and  now  publishes  the  results  obtained.  In  these  last  experiments 
the  author  first  selected  some  samples  which  were  found  by  the 
Rontgen  rays  to  be  very  pure,  and  then  powdered  these  very  fine. 
The  powdered  samples  were  then  carefully  mixed  and  the  ash 
determined.  This  was  found  to  be  1*66  per  cent.  Six  different 
samples  of  slate,  shale,  and  blackband  were  then  powdered  and 
passed  through  the  same  sieve,  and  the  percentages  of  iron  and 
residues  after  ignition  determined.  Six  mixtures  were  then  made  of 
the  coal  samples  on  the  one  hand,  and  of  these  powdered  materials  on 
the  other,  in  such  a  way  that  the  resulting  mixtures  each  contained  10 
per  cent,  of  ash.  For  control  purposes  three  of  these  mixed  powders 
were  again  examined,  the  results  proving  them  to  be  of  the  composition 
desired.  They  were  then  examined  under  similar  conditions  by  the 
Rontgen  rays,  and  the  photographs  obtained  are  now  shown.  The 
percentage  of  iron  in  the  samples  varied  from  0*07  to  5*4,  although,  as 
stated  above,  the  total  ash  contents  were  identical  in  each  case.  That 
sample  which  contained  the  least  iron  in  the  ash  gave  the  clearest 
photograph,  whilst  that  which  contained  most  iron  gave  the  worst, 
the  other  samples  occupying  intermediary  positions  in  accordance  with 
their  varying  iron  contents.  Hence  it  follows  that  the  use  of  the 
Rontgen  rays  for  fuel  examinations,  the  author  points  out,  is  absolutely 
worthless,  as  it  is  the  total  ash  contents  which  it  is  desired  to  determine 
by  their  aid. 

The  Origin  of  OoaL— At  the  Bradford  meeting  of  the  British 
Association,  the  origin  of  coal  and  cognate  matters  were  dealt  with 
in  several  papers,  including  the  following: — W.  J.  Sollas,  on  "A 
Concealed  Coalfield  beneath  the  London  Basin ; "  W.  Qibson,  on 
**  Rapid  Changes  in  the  Thickness  and  Character  of  the  Coal  Measures 
of  North  Staffordshire;''  R  Kidson,  on  the  "Flora  of  the  Coal 
Measures ; "  A.  Strahan,  on  the  "  Origin  of  Coal ;  **  A.  C.  Seward,  on 
"Botanical  £vid«nce  bearing  on   the  Climatic  and   other  Physical 
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such  as  never  occurred  either  before  or  after  that  period,  of  dominant 
giant  cryptogams,  extensive  plains  of  sedimentation,  and  advantageous 
climatic  conditions.  To  advance  our  knowledge  of  the  origin  of  coal 
several  things  were  necessary,  the  chief  being  the  importance  of  the 
study  of  the  chemical  composition  of  fireclays  and  other  accompani- 
ments of  coal,  in  addition  to  coal  itself;  the  continuation  of  Dr.  Sorby's 
petrological  work  on  the  origin  of  grains  of  mechanically  formed  rocks, 
such  as  sandstones ;  the  studies  of  fauna  and  flora  throwing  light  on 
physical  and  climatic  conditions;  and  efforts  to  discover  over  what 
periods  coal  formation  occurred  in  exceptional  amount 

A.  C.  Seward  thinks  that  the  alleged  uniformity  in  the  climate  and 
vegetation  during  the  coal  period  was  exaggerated.  It  was  important 
to  bear  in  mind  the  progress  of  plant  evolution  as  a  factor.  There 
was  in  coal-seams  an  abundance  of  spores  with  filamentous  or  hooked 
appendages,  and  their  presence  was  probably  due  to  floating  or  wind 
dispersal;  and  so  also  with  detached  stems  and  roots.  Concerning 
the  manner  of  formation  of  coal,  A.  C.  Seward  instanced  the  structure 
of  calcareous  nodules  found  in  coal-seams,  in  which  the  preservation 
of  delicate  tissues,  the  occurrence  of  fungal  hyphad,  and  the  petrifica- 
tion of  stigmariou  appendages  was  evidence  in  favour  of  the  subaqueous 
accumulation  of  the  plant  dSbris  found  in  the  nodules.  If  ordinary 
coal  were  microscopically  examined,  it  was  found  to  contain  spores-^in 
abundance  in  cannel  coal — fragments  of  tissues,  bacteria,  and  the 
ground  substance  of  coal.  Boulders  and  coal-balls  were  also  included 
in  the  seams.  Hence  he  thought  that  the  seams  were  not  the  result  of 
growth  in  one  place,  nor  of  drifting,  but  of  the  accumulation  of  vegetable 
cUbris,  derived  chiefly  from  plants  growing  on  the  surface  of  large  lakes 
and  pools  near  to  the  borders,  where  they  died  and  were  carried  out  by 
gently  flowing  water  and  sank  to  the  bottom  over  the  whole  water  area. 

Much  discussion  took  place,  and  in  the  course  of  it  P.  F.  Kendall 
combated  A.  Strahan's  theory  of  sedimentation.  There  were  wide 
extents  of  comparatively  uniform  thickness  not  only  of  the  coal 
itself,  but  also  of  the  over-  and  under-lying  areas,  such  as  the  layer  of 
black  shale  covered  with  marine  organisms  over  an  area  of  700  square 
miles  from  Bradford  to  Nottingham.  In  respect  of  the  purity  of  coal, 
the  proportion  of  mineral  ash  was  very  small,  and  there  was  an  ab- 
sence of  molluscs,  fishes,  or  minute  Crustacea,  and  no  trace  of  aquatic 
animals  in  the  coal-beds,  though  they  existed  in  the  layers  above. 
There  was,  again,  no  coal-bed  without  a  seat-earth  or  under-clay  pene- 
trated by  roots  of  trees ;  and  there  was  an  entire  absence  of  alkalies, 
which  was  characteristic  of  an  exhausted  soil. 
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contains  52  per  cent,  of  carbon,  3  per  cent,  of  hydrogen,  16  per  cent 
of  oxygen,  and  4  per  cent  of  ash,  and  from  Buschtiehrad,  which  con- 
tains 60  per  cent  of  carbon,  3  per  cent  of  hydrogen,  11  per  cent,  of 
oxygen,  and  15  per  cent,  of  ash. 

Ooal  in  Bosnia. — ^The  mining  industry  of  Bosnia  continues  to  make 
satisfactory  progress.  The  interesting  monograph  written  by  Franz 
Poech  on  the  occasion  of  the  Mining  Congress  at  the  Paris  Exhibition, 
which  has  been  published  in  book  form,  clearly  shows  the  importance 
of  the  mineral  resources  of  the  country,  the  chief  mineral  products 
being  rock  salt,  iron  ore,  brown  coal,  manganese  ore,  copper  ore,  and 
iron  pyrites.  The  administration  of  the  mines  is  regulated  by  a  law 
promulgated  in  1881.  Most  of  the  mines  and  works  belong  to  the 
Goyemment  The  reason  of  this  is  that  after  the  occupation  of  the 
country  few  private  capitalists  came  forward  to  establish  industries, 
and  the  Government^  full  of  good  intentions  to  improve  the  economic 
conditions  of  the  population,  undertook  to  develop  the  mineral 
resources  of  the  country.  The  results  obtained  have  been  satisfactory 
financially,  and  the  Government  has  aimed  at  improving  the  methods 
of  mining  and  the  social  condition  of  the  population  employed. 
Numerous  houses  have  been  built  for  the  workpeople.  For  example, 
at  the  Kreka  colliery  there  is  a  colony  of  sixty  houses,  each  built  for 
two  families.  These  houses  are  one-storied,  and  each  dwelling  con- 
sists of  a  living  room,  a  kitchen,  a  larder,  and  a  stable,  with  a  small 
garden  in  front  and  a  kitchen-garden  behind.  For  large  families  and 
for  foremen  one  or  two  rooms  are  added.  Married  workmen  pay  for 
lodging  5  francs  a  month,  bachelors  2  francs.  Each  mine  is  provided 
with  an  ambulance  and  co-operative  stores,  and  sick  clubs  and  insur- 
ance funds  have  been  organised.  At  the  end  of  last  year  there  were 
2090  members  subscribing  to  the  insurance  fond. 

In  Bosnia  and  Herzegovina  there  are  some  extensive  beds  of  brown 

coal,  but  no  deposits  of  bituminous  coal  have  yet  been  found.     The 

coal-mining  industry  has  grown  in  a  remarkable  manner  since  the  first 

colliery  was  started  at  Zenica,  as  is  shown  by  the  fact  that  in  1880 

the  output  was  500  tons,  whilst  in  1899  it  was  303,425  tons.     The 

coal  is  of  Oligocene  age.     It  is  of  a  black  colour,  and  yields  on 

analysis : — 

Zenica.  Zgoaoa. 

Moisture U-SO  6*65 

Ash 6-66  12-82 

3alphur 2*48  2*01 
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Goal  in  France. — An  exhaustive  paper  on  the  coalfield  of  the 
Gard  has  been  published  by  M.  Bertrand.^  The  monograph  covers 
more  than  100  pages,  and  is  illustrated  by  numerous  geological  maps 
and  sections.  The  results  of  the  author's  investigations  are  most 
encouraging  from  the  point  of  view  of  the  future  resources  of  the 
region. 

J.  Grosselet  f  gives  some  notes  on  thirty-eight  recent  borings  made 
in  the  North  of  France  in  search  of  the  coal-basin.     A  map  is  appended. 

F.  Drobniak  X  observes  that  the  extensive  Belgian  coalfield,  which 
is  a  continuation  of  the  Euhr,  Inde,  and  Wurm  coal-basins,  passes  into 
France  in  the  neighbourhood  of  Cond^,  and  then  stretches  for  a  dis- 
tance of  68  miles  in  the  Departments  of  the  Nord  and  Pas-de-Calais, 
as  far  as  Boulogne.  The  width  of  the  field  is  but  narrow,  and  the  coal- 
seams  are  covered  by  tertiary  deposits,  frequently  over  650  feet  in 
thickness.  Beds  of  quicksand  are  of  frequent  occurrence,  especially 
in  the  Nord  basin,  and  these  greatly  interfered  with  the  progress  of 
the  coal  industry  in  these  fielda  Thus,  while  in  Belgium,  in  the 
neighbouring  province  of  Hennegan,  coal-mining  commenced  in  the 
thirteenth  century,  and  at  the  end  of  the  seventeenth  century  there 
were  some  120  shafts  there  with  5000  workpeople,  the  important  coal 
deposits  of  France  still  lay  quite  untouched  and  unknown  at  the  latter 
date.  It  was  only  in  1716  that  a  citizen  of  the  town  of  Cond^  think- 
ing that  the  Belgian  field  must  stretch  into  France,  and  investigating 
the  question  by  operations  in  the  vicinity  of  the  village  of  Fresnes, 
proved  the  truth  of  his  theory.  His  operations  were  very  successful, 
and  it  is  from  these  that  the  coal-mining  industry  of  the  North  of 
France  dates.  Up  to  1840  it  was  only  in  the  Nord  Department  that 
coal  was  raised,  and  it  was  not  until  1850  that  coal-mining  in  the 
Pas-de-Galais  became  of  any  importance.  The  real  progress  of  both 
Departments  has  been  made  since  the  year  1869. 

The  coal  deposits  are  somewhat  irregular  in  their  occurrence,  and 
occasionally  the  seams  are  greatly  disturbed.  The  general  strike  of 
the  beds  is  from  east  to  west^  passing  subsequently  in  the  Pas-de- 
Calais  basin  to  south-east  to  north-west.  The  seams  mined  in  the  Nord 
basin  vary  in  thickness,  from  18  to  33  inches,  with  a  local  enrichment 
to  13  feet  in  the  coal  of  the  ffrand  veine  near  Dutemple.  In  the 
Pas-de-Galais  conditions  are  more  favourable,  the  beds  being  far  more 

♦  Annalet  des  Mine$,  vol.  xvii.  pp.  605-618. 

t  Trantactumt  of  the  Institution  of  Mining  Engineers,  toL  xTiii.  pp.  317-^324. 
t  Oesierreichische  ZeOschriftfUr  Berg^  und  HiUtenwesen,  vol.  zlviii.  pp.  439-442,  with 
■heet  of  UlaitrationB. 
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regular  and  less  distnrbedy  and  the  thickness  of  the  seams  reaching 
to  oyer  8  feet  The  author  desmbes  the  systems  of  rentilaftion  in 
nse.  Most  of  the  collieries  possess  round  walled  rentilating  shafts^ 
which  are  also  used  for  winding.  In  the  colliery  itself  the  rentilation 
doors  are  sometimes  prorided  with  explosion  valves.  The  lampa  are 
in  the  Nord  basin  all  closed  and  of  the  Marsaat  type.  Open  lights 
are  occasionally  used  in  the  Pas-de-CalaiB.  Transport  in  the  colliery 
is  usually  done  by  ponies,  only  a  few  of  the  larger  collieries  having 
machine-driven  plants  for  this  purpose.  The  author  describes  gene- 
rally the  appliances  and  the  systems  of  coal-getting  adopted.  Both 
long-wall  and  pilUr-and-stall  methods  are  in  use,  the  latter  far  more 
frequently.  The  collieries  usually  have  good  repairing-shops,  and 
are  generally  well  provided  with  above-ground  plant 

An  important  memoir  was  read  by  Orand'Eury*  before  the 
Academy  of  Sciences,  on  the  formation  of  coalfields,  with  special  refer- 
ence to  the  Loire. 

J.  Delas  t  has  published  an  important  paper  on  the  lignite  deposits 
of  Sarladais,  the  output  of  which  is  3882  tons  annually.  The  author 
estimates  that  14,000,000  tons  of  lignite  are  available. 

Rock  Temperature  in  the  Bohr  OoalflelcL— Kette  |  pub- 
lishes an  exhaustive  paper  on  the  temperature  of  the  strata  in  the 
Ruhr  coalfield.  The  results  of  the  observations  recorded  show  that 
on  an  average  the  miners  of  the  Ruhr  coalfield  have  to  reckon  on 
an  increase  in  rock  temperature  of  1*  C.  for  every  92  feet,  but 
that  for  those  mines  which  are  worked  under  very  thick  superin- 
cumbent strata  a  somewhat  more  rapid  increase  of  temperature  may 
be  expected.  This  may,  perhaps,  amount  to  1*"  C.  for  every  82  feet 
Thermal  gradients  of  82  to  100  feet  have  hitherto  been  encountered 
only  exceptionally,  and  are  due  to  the  action  of  hot  springs  and 
other  special  local  conditions. 

Quite  a  number  of  mineral  springs  have  been  met  with  in  the 
Ruhr  collieries  as  these  have  got  deeper.  It  has  now  been  ascer- 
tained that,  at  great  depth,  a  bed  of  potassium  salts  underlies  this 
field.  The  oldest  and  best  known  of  such  mineral  springs  is  that 
of  the  Konigsbom  colliery,  near  Unna,  which  was  known  in  the  four- 
teenth century.§ 

*  Bevue  ScietUi/ique,  August  4, 1900. 

t  SuJtetin  d$  la  SocUU  de  Vindustrie  Min^rale,  vol.  xiii  pp.  717-776. 

t  QHUkaxi^,  ▼ol.  xxxvi.  pp.  738-740. 

I  OetUrreichitckt  Zeitachrift  fiir  Berg-  uni  HUitenweien,  vol.  zlviiL  p.  633. 
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and  then  attempting  to  cake  it — ^without  success ;  but  it  has  occoned 
to  him  that  the  removal  of  the  water,  which  is  the  first  thing  to  come 
away  on  heating,  leaves  the  coal  in  a  porous  state,  and  thus  facilitates 
the  rapid  evolution  of  those  hydrocarbons  in  a  gaseous  form  which,  if 
retarded,  would  liquefy,  and  thus  form  the  cementing  material  of  the 
coke.  To  test  this  theory,  he  tried  heating  some  of  the  coal  in  Fara- 
day tubes,  where  they  were  subjected  to  the  pressure  of  the  gases 
they  evolved,  and  succeeded  in  getting  a  very  fairly  coherent  coke. 

Ooal  in  Victoria. — J.  Stirling  has  described  the  fossil  flora  of 
South  Gippsland.  The  memoir  has  been  published  by  the  Depart- 
ment of  Mines  of  Victoria  as  one  of  the  special  reports  on  the 
Victorian  coalfields. 

Goal  in  Natal.— W.  T.  Heslop*  describes  the  coalfields  of  Natal, 
and  gives  the  geological  classification  of  the  district.  In  the  Cape 
Colony  the  coal  measures  are  found  overlying  the  Beaufort  beds ;  at 
Vereeniging  they  lie  directly  on  the  Dwyka  conglomerate;  and  in 
the  Brakpan  and  parts  of  the  Middelburg  district  they  also  overlie  a 
conglomerate,  which  is  probably  of  Dwyka  age,  although  different  in 
character  from  what  is  generally  associated  With  the  Dwyka  con- 
glomerate, the  matrix  being  a  coarse  sandstone  instead  of  a  fine  hard 
blue  shale ;  but  the  enclosed  pebbles  and  boulders  are  the  same — i.e. 
quartz,  quartzite,  slate,  and  granite  from  the  older  formations.  At 
Cypherfontein,  to  the  south  of  Krugersdorp,  the  coal  lies  directly  on 
the  dolomite,  and  at  Boksburg,  on  the  Witwatersrand  formation,  the 
Main  Beef  series  passes  directly  under  the  workings  of  the  Wishaw 
Colliery.  South  African  coal  is  generally  considered  to  be  a  sub- 
aqueous and  lacustrine  deposit.  Professor  Green  found  in  some  of  the 
Cape  Colony  coal,  under  microscopic  examination,  a  distinct  con- 
cretionary structure,  and  the  writer  has  observed  the  same  peculiarity 
in  coal  from  the  Brakpan  district  of  the  Transvaal,  where,  after 
weathering,  the  concretionary  layers  of  carbonaceous  matter  readily 
peeled  off  In  the  Natal  coalfield  the  seams  have  been  found  at  all 
depths  up  to  500  feet,  but  most  of  the  existing  mines  are  working  at 
depths  of  less  than  300  feeU  The  deepest  shaft  at  present  is  that  of  the 
Durban  Collieries  Syndicate  at  Dannhauser,  which  is  500  feet  deep. 
It  is  probable  that  workable  coal  may  be  found  at  a  greater  depth  on 
the  western  portion  of  the  coalfields,  but  up  to  tiie  present  it  remains 
unproved.  The  occurrence  of  dolerite  is  extensive,  and  in  certain 
*  TraHMUfCHi  ^ike  TndiUOwn  <^ Mimimg  gpytufcn,  mL  xviii  pp.  410-430. 
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M'Alester-Lehigh  coalfield,  Indian  Territory.  The  coals  are  all  highly 
bituminoos.  The  volatile  matter  in  no  instance  is  less  than  37  per 
cent,  and  the  fixed  carbon  averages  52  per  cent.  There  are  58 
square  miles  of  vrorkable  coal  in  the  Hartshome  bed,  60  square  miles 
in  the  M^Alester  bed,  and  25  square  miles  in  the  Lehigh  district. 

Goal  in  Kansas. — Charles  R.  Keyes*  discusses  the  correlative 
relations  of  certain  subdivisions  of  the  coal  measures  of  Kansas,  and 
calls  attention  to  similarity  of  results  obtained  forty  years  ago,  and 
conclusions  arrived  at  by  recent  workers. 

The  Trans-Mississippian  Goal. — C.  R  Keyesf  sketches  the 

geological  position  of  the  coal-bearing  rocks  in  the  great  western 
interior  coal  basin  on  the  west  of  the  Mississippi.  The  Carboniferous 
system  is  now  divided  into  the  Upper  or  Missourian  series  and  the 
Lower  or  Des  Moines  series,  and  these  are  again  further  subdivided. 
Over  90  per  cent  of  the  total  coal  production  comes  from  the  Cherokee 
shales  at  the  base  of  the  Des  Moines  series,  taking  the  average 
of  Iowa,  Kansas,  Missouri,  Arkansas,  and  Indian  Territory,  and  the 
value  of  this  horizon  is  almost  sure  to  increase. 

Goal  in  M^chigftn. — A.  C.  Lane  X  gives  a  sketch  map  of  the  coal 
basin  of  Michigan,  where  the  output  for  1899  was  over  half  a  million 
tons.  The  increase  in  the  production  has  been  rapid  within  the  last 
few  years,  but  the  extensive  forests  and  other  matters  have  delayed 
the  development.  The  usual  thickness  of  the  seams  worked  is  2 1  to 
4  feet,  at  a  depth  from  100  to  300  feet.  Many  of  the  coals  contain 
much  sulphur.     The  various  mines  are  shortly  described. 

Goal  in  Blissoari. — David  White  §  has  prepared  a  monograph  of 
the  fossil  flora  of  the  lower  coal  measures  of  Missouri  As  the  first 
comprehensive  presentation  of  the  flora  of  any  zone  of  the  coal  measures 
in  the  trans-Mississippi  region  it  furnishes  valuable  material  for  com- 
parison and  correlation  of  these  beds  with  the  eastern  coalfield& 

Goal  in  New  Mexico.— C.  L.  Herrick  ||  and  T.  A  Bendrat,  in  a 
paper  on  the  identification  of  an  Ohio  coal  measures  horizon  in  New 

*  American  Oeoloffittt  June  1900. 

t  Engineering  cmd  Mining  Journal,  vol.  Ixix.  pp.  528-529. 

t  Ibid,t  ToL  Ixix.  p.  767,  vol.  Ixx.  p.  12. 

§  United  SUUee  OeologictU  Survey  Monographic  voL  xxxvii. 

U  American  Geologitt,  April  1900. 
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Goal  in  GUna. — A  recent  consular  report  bj  Caries  of  nenlsin 
gives  a  nnmber  of  parUcolars  relating  to  coal  and  coal-mining  in  China, 
and  deals  more  especially  with  the  question  of  transport. 

P.  Fouletier*  describes  the  Kebao  collieries.  Tonkin. 

T.  Webster  t  describes  the  Tong  colliery,  Kaiping,  North  China. 
There  are  thirteen  seams,  dipping  from  45*  to  90*,  and  nine  are  wofk- 
able.  The  pillar-and-stall  system  is  employed.  The  winding,  pump- 
ing, and  other  plant  is  shortly  described. 

Goal  in  Chili — Some  interesting  details  of  coal  in  Chili  hare 
been  published.  {  The  calorific  powers  of  some  of  the  principal  coals 
are  as  follows : — 

TalcAhniao : —  Oftlories. 

Talcahuano 5468 

Peoco 5764 

SantaAna 5550 

Diehato 4913 

Laataro: — 

Coronel 5690 

Lota 6472 

Anmco: — 

Oolico 5950 

Garanilahue 6182 

Lebtt 6472 

Nidol  (lignite) 5123 

Mflreed  (lignite) 2563 

Qnilacoya  (anthracite) 7320 

Analyses  of  lignite   from  various  localities  gave  the   following   re- 
sults : — 


II.  III.  IV. 


17-6 

38-8 

40-2 

3-4 

18-80           ?5-5 

2885            18-0 

5020           22-0 

1       215           34-5 

I  Water 18-4 

Oas 31-6 

I  Cke 86-5 

,  A«h 13-0 

I _  _ 

I.  Chumai  outcrop;  II.  Malalhue;  ilL  Nielol;  IV.  Los  Corrales.    Last 
year  the  imports  of  coal  into  Chili  amounted  to  661,669  tons. 

Goal  in  New  Caledonia. — Coal  is  known  to  exist  in  abundance 
in  the  French  colony  of  New  Caledonia,§  and  is  stated  to  be  of  fairly 

*  Comptci  Rmdut  de  la  SnciiU  de  VInduHrie  Min6ral€t  1900,  pp.  45-61. 
t  Prooeedingt  of  the  SotUh  Wales  ImUtuU  of  Enffineen,  vol.  xxiL  pp.  24-96w 
X  JUvista  Oomercial  e  In'iiuiiial  de  Mintu,  toL  i.  No.  1.  (February), 
g  CoUiery  Guardian,  vol.  bux.  p.  386. 
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UL—CHAHCOAL. 

The  Hannfactiire  of  (las  from  Charcoal — J.  M.  Neil  *  describes 
the  Rich^  continaoas  retort  for  the  manufacture  of  charcoal  and  gas. 
The  retorts  are  vertical  and  are  heated  ezternallj.  Charcoal  is  with- 
drawn at  the  bottom,  which  has  an  L-shaped  extension,  and  wood  is 
charged  at  the  top.  The  gas  is  also  drawn  off  below.  A  ton  of  wood 
is  stated  to  produce  400  llxs.  of  charcoal  and  25,000  cubic  feet  of  gas, 
containing  44*2  per  cent,  of  hydrogen,  22*0  of  carbon  monoxide,  and 
21-3  of  carbonic  anhydride. 

Dry  Distillation  of  Fir  Wood. — Irminger  f  describes  some  tests 
of  the  dry  distillation  of  fir.  The  total  weight  of  the  products  of  dis> 
tillation — ^gas,  pyroligneous  acid,  tar,  and  charcoal — was  within  4  per 
cent,  of  the  weight  of  the  wood  charged  into  the  retorts. 


lY.— COKE. 

Beehive  Ovens. — A  description  is  given  X  of  the  beehive  coke-oven 
plant  at  Chickamauga,  in  Georgia,  with  dimensions  of  the  ovens,  and 
an  illustration  of  the  inclined  track  and  hauling  plant  for  running  the 
loaded  trucks  over  the  ovens. 

F.  C.  Keighley  §  gives  an  illustrated  description  of  the  Connellsville 
coke  district,  with  especial  reference  to  the  mining  of  the  coal. 

A.  W.  Evans  ||  describes  the  coking  plant  of  the  Durham  Coal  and 
Coke  Company.  An  illustrated  description  of  a  plant  on  Lookout 
Mountain,  Georgia^  is  given. 

A  brief  description  has  been  published  H  of  the  Welsh  coke-ovens 
used  in  West  Virginia  in  place  of  beehive  ovens. 

Ooke-Oven  Plant  of  the  Ooncordia  Colliery.— The  coke-oven 
plant  of  the  Concordia  colliery,  Moravian-Ostrau,  is  stated  by  W. 

*  Enginuring  a/nd  Mining  Journal^  vol.  Izx.  pp.  281-282. 

t  Ingeniitren,  Oopenhagen,  1809,  pp.  311-317  ;  Minutes  of  Proceedingt  of  the  TntUtw 
lion  of  Civil  Engineeri,  vol.  cxlii.  p.  439. 
X  CoUiery  Guardian,  vol.  Ixxx.  p.  610. 
§  Engineering  Magazine,  vol.  xx.  pp.  17-40. 
II  Mines  and  MinereUs,  vol.  xxt  pp.  49-51. 
ir/W<i,p.  IL 
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The  ordinary  dimensions  of  an  oven  are  as  follows : — Total  length, 
29  feet  6  inches;  height,  5  feet  7  inches;  breadth,  from  14*1  inches 
for  a  coal  with  but  little  volatile  matter,  to  19*7  inches  for  a  coal 
containing  a  higher  percentage  of  volatile  constituents.  Of  late  some 
ovens  of  larger  dimensions  have  been  erected,  with  a  result  that  the 
cubic  contents  of  the  oven  have  been  raised  in  these  cases  from  the 
average  of  238  cubic  feet  to  353  cubic  feet.  An  oven  of  the  larger  size 
yields  annually  about  1800  tons  of  coke.  The  finished  coke  is  pressed 
out  in  a  thin  layer,  and  the  quenching  is  stated  to  be  consequently 
rapidly  efifected,  and  only  a  relatively  small  quantity  of  moisture  to 
be  retained.  It  is  preferred  to  cool  the  gas  at  once  after  it  escapes 
from  the  ovens,  with  a  view  to  avoid  tar  settling  in  improper  places 
in  the  subsequent  passage  of  the  gases  through  the  condensing  plant, 
and  so  causing  inconvenience.  The  charge  of  an  oven  is  about  four 
to  five  tons,  and  the  time  required  for  coking  is  less  than  twenty- 
four  hours.  The  wages  paid  are  not  higher  than  in  ovens  of  the 
ordinary  kind.  To  these^  however,  must  be  added  the  wages  con- 
nected with  the  cooling  and  washing  plants. 

There  is  no  special  arrangement  for  the  pre-heating  of  the  blast 
other  than  in  the  utilisation  of  channels  beneath  the  oven  bed.  In 
these  the  temperature  of  the  air  is  raised  to  200**  or  300°  C.  Special 
attention  is  paid  to  a  careful  regulation  of  the  gas  supply  to  each 
oven,  the  gas  openings  leading  Arom  the  ovens  to  the  main  gas  channel 
being  of  such  a  size  as  to  cause  the  draught  to  be  of  equal  strength 
for  each  oven.  Boilers  are  placed  between  the  oven  and  the  stack. 
According  to  the  kind  of  coal  being  coked,  the  heating  surface  of  each 
oven  varies  from  64*6  to  134*5  square  feet.  The  temperature  of 
the  gases,  as  these  escape  into  the  stack,  is  stated  not  to  exceed 
200*"  C,  even  when  the  furnace  is  working  hot.  The  steam  raised  in 
the  boilers  by  the  waste  heat  usually  suffices  for  the  coke-oven  plant, 
and  also  the  ammonium  sulphate  plant.  Only  a  portion  of  the  gas 
produced  is  used  for  heating  purposes.  The  quantity  of  gas  that 
remains  in  excess  varies  greatly,  and  is  dependent  on  the  character  of 
the  coal.  It  is  stated,  however,  to  be  at  least  one-fourth  of  the  total 
quantity  produced,  even  when  a  coal  is  being  coked  that  is  low  in 
volatile  constituents.  The  larger  the  quantity  of  these,  the  greater  is 
the  available  excess  of  gas.  When  coal  low  in  volatile  constituents  is 
being  coked,  the  quantity  of  water  converted  into  steam  by  the  direct 
use  of  the  waste  heat  of  the  oven  is  stated  to  amount  to  0*6  lb.  for 
each  pound  of  coal  charged.    If  the  excess  of  gas  is  also  used  for  steam- 


■        •      • 


■    r- 


448  THE  IRON  AKD  STKEL  IKDUSTRIES. 

farnace  gas  possesses  the  great  disadvaiitage  thai  it  carries  with  it  so 
mach  metallic  dust  that  it  may  be  ansenrioeable. 

A  plan  has  appeared  *  of  the  new  coke-oven  plant  in  the  coarse  of 
erection  at  Sidney,  Cape  Breton.  It  will  contain  eight  batteries,  each 
of  fifty  Otto-Hoffman  ovens,  to  produce  1600  tons  of  coke  daily.  The 
gas  will  be  used  for  lighting  purposes,  as  with  the  Everett  plant,  near 
Boston,  to  which  this  is  similar,  and  the  coke  will  be  used  for  the 
Dominion  Iron  and  Steel  Works. 

R.  Brunck  f  observes  that  a  number  of  batteries  of  coke-ovens  of 
the  Brunck  type  have  been  erected  in  the  Rhenish- Westphalian  dis- 
trict. Improvements  which  were  introduced  as  the  result  of  practical 
experience  are  referred  to  by  the  author.  These  result  in  the  two 
sides  of  the  furnace  being  separately  heated,  the  waste  gases  being  with- 
drawn by  separate  flues  from  each  side.  A  very  considerable  pre- 
heating of  the  air  for  the  combustion  is  attained,  this  passing  up 
through  a  kind  of  firebrick  stove  between  the  two  channels  through 
which  the  gases  pass  to  the  stack.  In  this  way  overheating  of  the 
brickwork  is  prevented,  and  a  considerable  portion  of  the  heat  saved 
which  would  otherwise  have  escaped  with  the  waste  gases.  Details 
are  given  of  the  oven  construction;  and  it  is  pointed  out  that  the 
gases  from  the  coal  are  exposed  for  a  shorter  time  to  the  danger 
of  combustion  and  the  heat  of  the  oven  than  in  other  systems,  with 
the  result  that  a  higher  percentage  of  by-product  is  attainable. 

Illustrations  are  given  of  the  coke-oven  plant  on  this  system  at  the 
Jules  Chagot  Works  at  Montceau-les-Mines,  and  at  the  Minister  Stein 
Colliery  of  the  Gelsenkirchen  Company.  At  this  latter  place  there 
are  120  ovens,  which  coke  in  the  course  of  a  year  from  250,000 
to  260,000  tons  of  coal,  containing  10  to  12  per  cent  of  moisture ; 
this  yields  from  2800  to  2900  tons  of  ammonium  sulphate  and  some 
7500  to  7800  tons  of  tar.  Other  plants  illustrated  include  one  of 
sixty  ovens  at  the  Alma  colliery  of  the  Gelsenkirchen  Company,  and 
one  of  thirty  ovens  at  the  Hoesch  Steelworks  near  Dortmund. 

W.  O.  Irwin  |  discusses  the  general  aspect  of  by-product  coking  in 
Western  Pennsylvania,  and  briefly  reviews  its  present  condition  and 
the  advances  recently  made.  The  transfer  of  the  ovens  to  the  works 
is  held  to  have  many  advantages,  as,  though  the  cost  of  transport  of 
raw  coal  is  greater,  yet  the  excess  gas  may  be  used  where  it  is 
wanted. 

•  CV;tVr^  r7minfWfi,  toI.  Ixxx,  p.  ftOL 

t  StuM  mmd  Mmis  to),  xx.  pp.  68&-e90»  with  five  iUnstratioaB  and  cm  plate. 

^  KnpimtfHntf  aiut  Mining  Jowma/,  to].  Ixix.  |^  711-712. 
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in  Russia  "Astatki"  or  "Masut."    Their  specific  gravity  is  about 
0*95,  the  calorific  power  being  aboat  11,000.      Theoretically  they 
are  capable  of  replacing  about  twice  their  weight  of   good   brown 
coal,  and  do  so  in  practice.    At  Baku,  in  1898,  these  residues  cost 
about   lOs.  the  ton,  but  transport  charges  bring  the  price  up  to 
about  35s.  the  ton  at  Moscow,  or  half  that  at  Saratov,  a  town  on 
the  Volga.    Notwithstanding  this,  these  residues  are  used  with  com- 
mercial advantage  in  open  hearths  and  heating  furnaces  at  Moscow. 
Works  using  petroleum  as  fuel  make  neither  smoke  nor  clinker.     No 
fire-bars  are  required,  and  no  gas  producers.    There  is  no  loss  of  fuel 
either,  as  the  petroleum  is  brought  to  the  furnaces  in  closed  vessels, 
and  then  burns  with  an  almost  theoretical  degree  of  perfection.     One 
great  advantage  of  the  use  of  petroleum  is  that  the  labour  costs  for 
firing  are  reduced  to  a  minimum.     There  are  three  main  types  of 
firing  methods  with  petroleum — (1)  the  pan  method,  (2)  the  drop 
method,  and  (3)  the  spraying  method,  in  which  the  oil  is,  as  it  were, 
pulverised  before  usa    Each  of  these  is  illustrated.    In  the  first  method 
a  series  of  rectangular  cast  iron  pans,  from  three  to  five  in  number, 
are  placed  one  above  the  other,  fitting  closely  to  the  walling  at  the 
sides.     Between  each  two  pans  a  slit  is  left  of  an  area  that  has  been 
carefully  calculated,  and  through  which  the  air  streams  that  is  to  serve 
for  the  combustion.     The  naphtha  residues  flow  into  the  upper  pan 
through  pipes  from  a  large  wrought  iron  tank  which  is  placed  at  a 
higher  level.    By  regulating  the  flow  of  oil,  the  whole  of  the  pans  may 
be  kept  full  without  overflowing.     This  pan  system  of  firing  possesses 
a  certain  analogy  with  the  step  grate.     It  is  the  oldest  and  simplest^ 
but  least  economical,  of  the  various  methods.     It  is  frequently  em- 
ployed, and  is,  indeed,  not  replaceable  by  other  methods  when  it  is  a 
question  of  producing  a  temperature  that  is  to  be  increased  slowly. 
Very  high  temperatures  can  be  attained  by  this  method,  especially  if 
the  air  for  the  combustion  is  pre-heated.     Crucible  steel  can,  indeed, 
be  made  with  this  system  of  firing  in  the  so-called  Nobel  furnace.     It 
is,  however,  most  applicable  when  it  is  not  a  question  of  producing 
a  very  high  temperature.     The  second  method  is  considerably  better 
than  the  one  just  described,  and  is  more  frequently  employed.     In  this 
method  the  oil  flows  out  in  drops  or  in  thin  streams  from  a  number  of 
small  tubes  placed  side  by  side,  or  from  a  launder  provided  with  a 
number  of  slits.     In  falling,  it  gets  intimately  mixed  with  air,  and 
burns  more  readily  and  more  completely  than  does  the  oil  in  the  pan 
method.     A  higher  temperature  can,  too,  be  more  rapidly  attained. 
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and  there  is  less  chance  of  loss  of  oil.  The  drop  method  from  a  pipe 
apparatus  is  better  than  that  in  which  a  launder  with  slits  is  employed, 
as  the  former  is  much  more  under  control.  This  drop  method  is  very 
useful  for  heating  furnaces.  The  height  of  fall  of  the  petroleum 
regulates  the  temperature  that  results.  For  small  firings  it  is  about 
39  inches,  and  rises  to  double  that  in  larger  ones.  The  air  for  the 
combustion  either  takes  the  same  course  as  the  falUng  oil,  or  else 
passes  upwards  in  the  opposite  direction.  This  system  of  firing  has 
this  one  advantage  over  all  others,  that  once  started  it  involves  no 
labour  charges  whatever  in  the  case  of  furnaces  that  are  constantly 
in  use.  The  first  and  second  methods  difier  from  the  third  in  that  the 
oil  falls  or  flows  from  a  higher  level,  and  still  more  distinctly  in  that 
the  oil  is  not  charged  as  such  direct  into  the  furnace,  but  is  first 
gasified  in  a  more  or  less  small  gasifying  chamber,  this  space  re- 
sembling the  grate  in  the  case  of  a  furnace  using  solid  fuel.  In  the 
third  or  spraying  system  a  blow-pipe  jet  is  used.  The  oil  flows  into 
the  inner  tube  of  a  blow-pipe,  compressed  air  or  steam  being  forced 
through  an  outer  tube  surrounding  the  other.  This  air  or  steam 
meeting  the  oil  as  it  flows  out  completely  disseminates  it,  and  produc- 
ing an  intimate  admixture  of  air  and  steam,  enables  the  most  rapid 
degree  of  combustion  to  be  attained.  The  gasification  stage  is  avoided, 
and  the  combustion  chamber  is  the  furnace  itself.  This  spraying 
method,  in  addition  to  an  ideal  degree  of  simplicity,  has  the  further 
advantage  that  the  flame  may  be  given  any  desired  length  or  direction, 
while  the  quantity  of  fuel  can  be  regulated  with  the  greatest  precision, 
and  any  desired  temperature  can  be  attained.  There  is  still  another 
advantage,  in  that  by  varying  the  construction  of  the  spra3ring  ap- 
pliance the  flame  may  have  any  shape  given  to  it  that  is  wished  for. 
For  instance,  in  boiler-firing  a  long  broad  flame  is  desirable,  the  flame 
lapping  the  sides  of  the  boiler-tube,  and  the  author  illustrates  a  modi- 
fied form  of  burner  which  gives  a  flame  of  this  shape.  Other  types 
are  also  shown.  Thus,  if  a  large  space  has  to  be  equably  heated, 
a  pipe  form  is  employed  with  a  spiral-shaped  opening,  which  results 
in  the  steam  or  compressed  air  attaining  a  rotary  movement,  and 
so  giving  a  flame  of  conical  form.  Pipe  forms  are  used  in  all  kinds 
of  fusion  furnaces  for  the  production  of  weld  and  ingot  iron.  Not 
only  have  open  hearths  and  puddling  furnaces  been  provided  with 
such  appliances,  but  two  years  ago  a  crucible  steel  furnace  heated  in 
this  manner  was  erected.  The  fusion  furnaces,  with  petroleum  firing, 
are  built  on  the  regenerative  system,  in  exactly  the  same  form  as  for  gas 
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firing.  Four  15-toQ  open  hearths  of  simple  form  at  Moscow  are 
described.  These  have  petroleum  firing  on  the  spraying  system. 
The  river  Volga,  which  offers  the  best  transport  line  from  the 
petroleum  districts  to  the  works,  is  thickly  frozen  over  in  winter, 
and  this  necessitates  the  works  providing  themselves  with  large 
storage  reservoirs  for  the  oil  These  are  of  iron,  and  are  cylin- 
drical in  form.  Large  stores  of  oil  mean,  of  course,  great  duiger 
from  fire,  and  the  works  consequently  only  purchase  residues  whose 
flaming  point  is  as  high  as  possible  above  120''  C.  It  is  not  an  un- 
common thing  to  find,  however,  that  ordinary  raw  oil  is  mixed  in  with 
the  residues  as  an  adulteration,  and,  indeed,  to  such  an  extent  that  the 
temperature  at  which  the  oil  will  fire  may  be  reduced  to  as  low  as 
80"  C.  The  first  cost  of  a  naphtha  plant  for  a  works  with  two  open 
hearths,  one  crucible  steel  furnace,  six  other  furnaces,  and  some  smiths' 
fires,  &c.,  together  with  a  boiler-house  containing  11  boilers,  amounted 
to  27,000  roubles,  15,000  of  which  was  the  cost  of  the  storage  vessel, 
the  remainder  being  expended  for  two  pumps,  pipe  lines,  &c  The 
author,  in  conclusion,  draws  attention  to  the  rapid  rate  of  progress 
of  the  Russian  iron  industry. 

C.  M.  Rolker  *  describes  the  Elmore  ore  concentration  process  as  used 
at  Glasdir,  in  Wales,  for  concentrating  copper  ore.  The  ore  is  mixed 
with  oil  and  then  thrown  into  water.  The  gangue  sinks,  but  the  sul- 
phides remain  floating  with  the  oil,  if  the  correct  proportions  are  used. 

Rouxt  gives  some  notes  on  the  use  of  petroleum  in  the  manufacture 
of  coal  briquettes. 

C.  F.  Z.  Caracristi  X  gives  statistics  for  the  world's  production  of  oil, 
and  briefly  describes  the  leading  oil  districts. 

H.  Gu^rin  §  summarises  recent  articles  describing  the  best  methods 
of  using  liquid  fuel. 

Ohemistry  of  Petroleum. — A.  A.  Shukoff||  and  N.  S.  Pantjucoff 
describe  their  investigations  on  the  existence  of  paraffin  in  Russian 
oils,  and  show  that  it  may  be  extracted. 

D.  T.  Day  H  gives  some  notes  on  the  variation  of  the  crude  oils  from 

*  Paper  read  before  the  Ini titntion  of  MiniDg  and  MetaUnrgy. 

t  Paper  read  before  the  Paria  Petroleum  CongreM ;  Petroleum  Beview,  toL  lit. 
Supplement,  p.  80. 

X  The  Mining  Induttry,  voL  viiL  pp.  454-466. 

§  OMie  Civil,  vol.  xxxvii.  pp.  22-25,  36-39. 

li  Petroleum  Review,  toL  iii.  p.  153. 

%  Paper  read  before  the  Paria  Petroleum  Congreas ;  Petroleum  Beviev,  vol  iit. 
Supplement,  p.  9-10. 
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of  the  composition  CnH^fi^  and,  farther^  that  nearly  all  petroleums 
contain  oxidised  compounds  which  are  soluble  in  alkalies,  more  being 
present  in  the  heavier  than  in  the  lighter  oils.  Sulphur  and  nitrogen 
are  also  found  in  some  petroleums,  but  in  small  quantities  only,  and 
it  is  not  yet  definitely  known  in  what  form.  The  Berca  oil  was 
especially  selected  for  examination  in  this  investigation  of  fioumanian 
oils.  It  has  a  specific  gravity  of  0*8240  at  15°  C.  When  distilled  in 
an  Engler  apparatus  it  yielded : — 

Temperature.  Per  Cent. 

Up  to  160°  0 2819 

160  to  300°  0 46*30 

Reiidae 30*20 

This  residue  was  rich  in  paraffin.     Analysis  showed  the  composition 
to  be — 

Carbon.  Hydrogen.  Sulphur. 

85-08  1371  0*20 

The  results  of  a  very  complete  fractional  distillation  are  given,  as 
also  are  those  of  subsequent  examinations  of  these  distillates.  The 
results  showed  that  the  oil  contained  large  quantities  of  hydrocarbons 
of  the  benzene  series.  Other  Roumanian  petroleums  contain  these 
hydrocarbons,  those  of  Casin  and  Sesca  only  containing  small  quantities, 
while  others  contain  more,  such  as  those  of  Colibasi  and  CftmpenL 
Boumanian  petroleums  vary  very  greatly  in  colour.  That  of  Campeni- 
Pftrjol  is  transparent  and  of  a  light  yellow  colour,  while  that  of 
Predeal  possesses  a  light  reddish  colour.  All  the  other  Roumanian 
petroleums  are  opaque  and  show  every  variation  of  the  darker  colour 
between  brown  and  black.  A  more  or  less  green  fluorescence  is 
characteristic  of  them  all.  With  regard  to  their  density,  the  lightest 
oil,  0-7838  at  15'  C,  is  that  of  CXmpeni-Parjol.  The  oil  with  the 
highest  density,  0*9050,  is  that  of  S&rata-Tohani.  Saligny  states  that 
the  petroleum  of  Ocnita  has  the  density  0*9443.  As  a  rule  the  density 
varies  from  0*79  to  0*87.  Some  of  the  oils  have  a  pleasant,  and  others 
an  unpleasant,  smell.  Almost  all  the  Roumanian  petroleums  contain 
highly  volatile  constituents,  and  even  gases.  The  degree  of  viscosity 
was  tested  by  means  of  the  Engler  viscosimeter,  and  found  to  vary 
from  1*04  for  the  CSmpeni  oil  to  4*88  in  the  case  of  that  from  S&rata- 
Tohanl  This  latter  oil  contains  somewhat  large  quantities  of 
oxidation  products,  which  are  soluble  in  alkalies.  The  physical 
properties  of  the  various  commercial  products  that  are  obtained 
from  the  unrefined  Roumanian  oils  are  then  described,  and  it  is 
shown  that  many  of  them  are  well  suited  for  the  manufacture  of 
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poods  of  refined  oil,  so  that  the  present  railway  capacity  will  be 
increased.  Siding  accommodation  is,  however,  very  scanty,  and  the 
pipes  and  pumps  used  for  filling  the  tank-waggons  are  inadequate,  so 
that  much  time  is  lost.  There  are  three  pumping  stations  on  the  line, 
with  Worthington  pumps. 

A.  A.  Shukoff  and  N.  S.  Pantjuco£f  *  show  that  paraffin  scale  may 
be  extracted  from  the  residuals  after  lubricating  oil  has  been  extracted 
in  many  of  the  Russian  petroleums. 

Some  notes  on  a  new  oil  basin  near  the  mouth  of  the  Embla  river 
have  appeared.! 

Petroleum  in  Turkey. — A.  Adiassevich  }  gives  some  notes  on  the 
occurrence  of  oil  on  the  coast  of  the  Sea  of  Marmora  around  Ganos, 
Hora,  Sharkeni,  and  Gemlik.  Several  wells  have  been  sunk  by  hand, 
and  small  quantities  of  oil  have  been  found,  as  well  as  gas.  A  map  of 
the  district  is  given,  showing  the  position  of  the  wells,  productive 
and  barren,  and  of  the  localities  where  indications  of  oil  were  found. 

Petroleum  in  Canada. — J.  D.  Noble  §  describes  the  Canadian 
oil  industry,  giving  an  account  of  the  oil-producing  region,  the  boring 
plant,  the  system  of  storage  tanks,  the  method  of  pumping  the  wells, 
the  geology  of  the  oil,  and  other  matters. 

Petroleum  in  Wyoming. — In  Bulletin  No.  3,  issued  by  the  Uni- 
versity of  Wyoming,  W.  C.  Knight  describes  the  oil-fields  of  Crook 
and  Uinta  counties.  The  paper  is  illustrated  by  maps  and  sections, 
and  the  results  of  tests  of  samples  of  oil  are  appended. 

Petroleum  in  Algeria. — H.  Neuburger||  deals  at  considerable 
length  with  a  geological  investigation  of  the  Gran  oil  basin  in  Algeria, 
which,  in  his  opinion,  promises  considerable  developments.  The 
various  basins  are  described  in  detail. 

Petroleum  in  Japan. — S.  TakanoH  gives  some  notes  on  the 
present  situation  of  the  oil  industry  in  Japan.     The  oil-fields  extend 

*  Peirolttm  Review^  toI.  iL  pp.  282-283. 
t  /6mJ..  Tol.  iU.  pp.  269-271. 
X  Hid,,  Tol.  ii.  pp.  281,  827. 

§  Paper  read  before  the  Paris  Petroleum  Ck>ngresa ;  Petroleum  Review,  toL   ui, 
Sapplement.  pp.  8-5. 
II  Ibid,,  ToL  ill.,  Supplement,  pp.  47-52,  60-67. 
^  Petroleum  Review,  voL  iiL  pp.  76-78. 
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age  are  intermediate.  One  company  started  work  on  the  Marahn 
deposits,  but  on  too  large  a  scale,  and  failed  accordingly,  and  no 
other  attempts  have  been  made  to  work  them.  The  thickness  of  the 
beds  ranges  from  100  to  300  feet,  and  in  many  cases  the  shale  gives 
20  to  45  per  cent  of  volatile  matter  on  distillation. 


Yl.— NATURAL  OAS. 

Natural  Gas  in  Ontario. — E.  Coste*  gives  an  account  of  the 
discovery  and  occurrence  of  natural  gas  in  Ontario.  The  first  well  of 
importance  to  strike  the  gas  was  at  Ruthven  in  January  1889.  Since 
then  a  large  number  of  wells  have  been  bored,  and  the  logs  of  a  con- 
siderable number  of  them  are  given.  Only  one*  well  has  reached  the 
Trenton  limestone,  and  most  of  the  gas  comes  from  the  Guelph  lime- 
stone and  the  Oriskany  sandstone.  The  geology  and  the  origin  of 
the  gas  and  gas-yielding  strata  are  dealt  with  at  some  length,  and  it  is 
shown  that  water-pressure  alone  is  not  sufficient  to  account  for  the 
high  pressure  at  which  the  gas  is  found. 

Natural  Gas  in  Italy. — R.  Nasini  and  R.  Salvadorif  give 
analyses  of  the  various  gases  which  are  evolved,  together  with  the 
saline  waters  and  petroleum,  from  the  springs  of  Salsomaggiore.  The 
gases,  which  burn  with  a  luminosity  about  equal  to  that  of  ordinary 
coal-gas,  consist  for  the  most  part  of  methane  and  ethane,  with  varying 
and,  in  general,  small  proportions  of  unsaturated  hydrocarbons,  nitro- 
gen and  carbon  dioxide. 

Natural  Gas  in  the  United  States. — ^The  annual  report  of  the 
United  States  Gleological  Survey  on  the  production  and  consumption 
of  natural  gas,  which  has  just  been  compiled  by  F.  H.  Oliphant,} 
presents  some  very  interesting  features,  inasmuch  as  it  embraces  a 
comprehensive  survey  of  the  gas-producing  fields,  a  discussion  of  the 
evidence  that  the  natural  supply  is  rapidly  becoming  exhausted,  and 
some  statistics  concerning  the  extent  to  which  natural  gas  is  utilised 
as  fuel  by  the  iron  and  steel  industries.  The  total  value  of  the 
natural  gas  produced  in  the  United  States  last  year  was  £4,004,973. 

*  Journal  of  the  Canadian  Mining  InttUuUt  toL  iii  pp.  68-89. 

t  Gazzetta  Ohimica  Italiana^  vol.  xzx.  i.  pp.  281-296. 

X  United  SUUes  Oeologioal  Survey,  Twentieth  Annual  Bepor%  Pari  vL  pp.  208-232. 
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Yll.— ARTIFICIAL  GAS. 

The  Energy  in  Fuel  Gas. — In  a  recent  article  ♦  the  energy  in 
yarious  forms  of  fuel  gas  is  discussed.  The  composition  and  calorific 
value  is  given  as  follows : — 


Carbon 
Monoxide. 

23 
23 

27 

Hydrogen. 

Incombustible. 

Calories. 

Generator  gas      . 

Dowson 

Wilson 

10 
19 
13 

67 
58 
60 

28 
36 

In  ordinary  generator  gas  about  two-thirds  of  the  energy  of  the 
coal  is  present  in  the  gas  as  chemical  energy,  and  the  remaining  third 
is  present  as  heat,  which  is,  however,  practically  lost,  as  the  gas  cannot 
be  used  in  its  highly  heated  state  under  ordinary  circumstances. 
Much  of  this  heat  is  also  wasted  in  radiation.  Steam  is,  therefore, 
passed  into  the  incandescent  fuel,  and  by  its  decomposition  absorbs  a 
large  proportion  of  the  otherwise  wasted  heat,  and  renders  it  available 
in  the  chemical  energy  of  the  resultant  gas.  Equally  good  results 
would  be  obtained  if  a  pure  supply  of  carbonic  anhydride  were 
available  to  replace  the  steam,  and  the  fuel  used  for  steam-raising 
would  then  be  saved.  But  the  ordinary  products  of  combustion  con- 
tain too  much  inert  nitrogen  for  satisfactory  use,  and  the  nitrogen 
percentage  increases  to  such  a  degree  that  ultimately  the  gas  will  not 
burn. 

In  a  discussion  on  the  economical  utilisation  of  fuel,  W.  Kentf 
deals  with  the  various  forms  of  gaseous  fuel,  including  blast-furnace 
gas,  producer  gas,  water  gas,  enriched  water  gas,  and  gas  made  in 
retorts  and  in  coke  ovens.  Numerous  quotations  and  extracts  from 
recent  publications  are  given. 


Water  Gas. — J.  Korting  l  compares  water  gas  with  other  combus- 
tible gases.  The  author  first  gives  the  composition  of  ordinary  pro- 
ducer gas,  and  then  that  of  the  so-called  ''power"  or  mixed  gas. 
These  are  stated  as  follows : — 


*  Engineer,  toI.  so.  p.  355. 
t  The  Mineral  Indtutry,  vol.  viil  pp.  124-157. 
Zeittchrifi  dea  Vereines  DeuUcher  Ingenieure,  vol.  xliv.  pp.  1301-1306,  1345-1348, 
with  four  illustrations.    • 
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projections  on  the  exterior^  and  conical  openings  to  the  interior.  Gas^ 
air,  steam,  and  oil  may  be  conveyed  to  the  interior  of  this  blast- 
chamber  grate  through  hollow  journals.  Its  lower  part  is  immersed 
in  the  water-seal  or  tank.  These  fire-grates  are  surrounded  by  tuyere 
pipes  in  order  to  keep  the  base  of  the  retort  cool,  and  are  supported 
by  friction  rollers,  which  relieve  the  weight  on  the  hollow  journals, 
on  and  by  which  they  are  intermittently  rotated,  thus  agitating  and 
keeping  open  the  base  of  the  fuel  charge.  In  the  bottom  of  the  water- 
seal  tank  is  an  opening  through  which  the  grates  may  be  removed 
from  the  retort.  At  the  top  of  the  retort  are  two  bell-valved  conduits 
for  receiving  and  delivering  the  solid  fuels  (coal  and  coke)  to  either 
combustion  chamber.  Properly  arranged  pipes  fitted  with  reversing 
valves  connect  the  chambers,  and  convey  the  gas  and  air  blasts  in 
either  direction,  provision  being  made  for  introducing  a  flue  cleaner  to 
remove  carbon  adhering  to  the  gas  pipes. 


YIIL— COAL-MINING. 


De^p  Boring. — The  Fourteenth  Congress  of  Boring  Engineers  was 
held  at  Frankfort-on-the-Main  in  September  1900.*  E  Naumann 
discussed  the  greatest  depths  attained  in  mining  and  boring,  and  the 
results  obtained  therefrom.  J.  Baszanger  explained  the  cause  of  the 
recent  rise  in  the  price  of  carbon,  diamond,  and  bort  used  for  boring 
purposes.  E  W.  Wolski  described  a  new  friction  coupling  for  use 
with  boring  plant.  H.  Gothan  gave  an  account  of  a  magnetic  needle 
and  clockwork  arrangement  for  determining  the  dip  of  strata  in  bore- 
holes. Other  papers  by  E.  Przibilla  and  by  F.  Steiner  dealt  with 
recent  progress  in  the  art.  The  committee  on  a  standard  screw  gauge 
for  casings  also  presented  a  report,  referring  to  the  thickness  and 
dimensions  of  casings  and  the  threads  for  tool  rods. 

S.  Trop  t  describes  various  means  of  excluding  water  from  oil  wells 
by  cement  plugs  and  packing  rings  of  various  forms  in  the  lining. 

A.  Fauck  I  briefly  describes  the  difierent  forms  of  apparatus  for 
sinking  wells,  and  advocates  his  own  system  of  rapid  but  short  strokes, 
and  other  improvements. 

Bennett  H.  Brough§  describes  the  different  instruments  used  for 

*  Borinff  and  Drilling,  vol.  i  pp.  67-78  ;  Petroleum  Bevieto,  voL  iu.  pp.  247,  278^ 
t  l^aper  read  before  the  Baku  Technical  Society ;  Petroleum  Review^  toL  uL  pp. 
221-222.  X  /Wrf.,  p.  74. 

§  Boring  and  Drilling,  voL  i  pp.  lS-14. 
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which  is  completed,  walled,  and  equipped  before  the  excayation  of  tlie 
next  one  below  is  begun,  the  same  men  being  employed  soccetiMfeJy 
in  the  different  operations  of  sinking,  walling;  and  setting  the  guides. 
The  rate  of  progress  is  about  20  yards  a  month. 

One  of  the  most  remarkable  mining  exhibits  at  the  Paris  ExhibitMHi 
is  the  model  of  No.  5  pit  of  the  Bruay  Colliery.  There  are  two  shafts^ 
4*2  metres  wide  and  355  metres  deep,  47  metres  i^part^  equipped 
with  machinery  of  the  latest  type.  The  Company  is  one  of  the  most 
important  in  France,  its  daily  output  being  5900  tons  from  eight  shafts, 
all  of  which  have  been  sunk  by  the  Chaudrou  process. 

EL  Hoftich  *  describes  the  process  of  sinking  a  shaft  at  Sollenau,  in 
Lower  Austria,  to  reach  a  seam  of  lignite  at  a  depth  of  672  feet.  Spedal 
difficulties  were  encountered,  more  particularly  in  traversing  a  bed  of 
quicksand  22  feet  in  thickness  at  a  distance  of  510  feet  below  the  sur- 
face. The  method  adopted  was  to  employ  a  wrought-iron  caisson  made 
of  plate  driven  into  the  quicksand,  and  then  timbering. 

F.  H.  and  W.  Poetsch  t  describe  at  considerable  length  the  Poetsch 
system  of  shaft^inkiDg.  The  subject  is  dealt  with  historically,  the 
earlier  experiments  and  practical  applications  of  the  process  being  first 
described.  Its  first  application  in  practice  was  at  the  Archibald 
brown  coal  mine  near  Schneidlingen.  The  freezing  machine  was  set 
to  work  on  July  8,  1883.  By  the  end  of  September  the  shaft  had 
been  carried  through  the  13-foot  bed  of  quicksand  that  had  to  be 
penetrated,  and  the  work  was  completed.  This  piece  of  work  inci- 
dentally showed  that  the  freezing  solution  must  not  be  made  colder 
than  -  20''  C.  One  of  the  valves  broke  when  struck  with  a  hammer, 
and  the  solution  escaped.  The  temperature  of  the  sand  sank  to  -  19** 
C,  the  air  temperature  in  the  shaft  being  then  -6**.  The  second 
application  of  the  method  was  made  in  1884  at  the  Centrum  coUiery, 
near  Konigs-Wusterhausen,  about  thirty-five  yards  of  sand,  mostly 
quicksand,  or  sand  of  a  very  watery  character,  having  to  be  penetrated. 
This  too  was  successful.  The  average  cost  of  the  shaft  was  about  j£95,8$. 
per  yard.  Other  places  at  which  this  process  has  been  used  are  the  Max 
No.  I.  colliery,  near  Michalkowitz  in  Upper  Silesia;  the  Emilie  colliery, 
near  Hennersdorf-Finsterwalde ;  the  Charbonnages  de  Houssu  at  Haine 
Saint  Paul  in  the  Belgian  Province  of  Hennegau ;  and  the  Jessenitz 
mine  in  Mecklenburg-Schwerin.  Full  details  are  given  in  each  case  as 
to  the  difficulties  that  had  to  be  overcome,  and  the  general  procedure 

•  Oesterreiehiache  ZeiUchrifl  fUr  Berg-  und  HiUtenwesen,  toL  xlnii  pp.  297-^900. 
t  Jhid,,  pp.  189-192,  207-212,  223-224,  and  235-237,  with  pUte. 
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end,  80  that  one  rope  winds  on  while  the  other  winds  off.  One 
rope  is  taken  directly  to  the  headgear,  while  the  other  is  first  laid 
over  a  take-up  gear,  consisting  of  a  sheave  placed  on  a  carriage 
and  of  winding  machinery  for  shifting  this  carriage  along  its  track. 
This  gear  is  similar  to  that  used  in  the  Whiting  system.  The  disadvan- 
tage of  the  drum  hoist  is  that  it  cannot  be  used  for  a  greater  depth 
than  that  for  which  its  drum  is  built.  On  the  other  hand,  it  has  the 
advantage  that,  should  an  accident  occur  to  one  rope,  only  the  skip  on 
that  rope  would  be  dropped,  and  not  both,  as  would  be  the  case  in  the 
Whiting  hoist.* 

Illustrations  are  given  elsewhere  f  of  Whiting's  arrangement  for 
winding.  The  rope  is  led  round  two  pulleys,  the  arrangement  being 
like  that  of  a  cable  tramway.  Each  pulley  is  furnished  with  Walker's 
rings. 

Illustrations  are  given  X  of  the  Brucksch  reversing  gear  as  fitted  to 
the  winding  engines  at  the  Luise  lignite  pit,  Nieder-Schonbnum,  in 
the  Gorlitz  district 

Shortly  before  the  outbreak  in  China  the  Gutehoffnungshiitte  at 
Oberhausen  constructed  a  winding  plant  for  a  colliery  in  the  neigh- 
bourhood of  Tongschau,  about  thirty-seven  miles  from  Tientsin.§  This 
is  now  illustrated  and  described.  It  is  capably  of  winding  ninety  tons 
of  coal  per  hour  from  a  depth  of  over  560  yards. 

J.  Gregory  ||  and  J.  T.  Stobbs  describe  the  Koepe  system  of  wind- 
ing, which  has  been  in  use  for  seventeen  years  at  the  Sneyd  Colliery 
Burslem.  A.  Ehrlich  H  urges  the  advantages  presented  by  the  Koepe 
system  of  winding  over  the  ordinary  winding  drum. 

G.  B.  Stones  **  describes  the  hydraulic  cage-loading  and  unloading 
apparatus  at  Cadeby  Colliery.  The  output  at  present  is  about  1800 
tons  a  day,  and  it  was  anticipated  that  this  would  be  increased  to 
5000  tons  a  day,  drawn  from  two  shafts,  when  the  colliery  was  fully 
developed.  The  cages  have  four  decks,  each  carrying  two  corves,  con- 
taining an  average  of  10  cwt.  each.  The  decks  are  loaded  and 
unloaded  simultaneously,  the  top  deck  by  manual  labour,  the  others  by 

*  ''Hoiiting  Eoginet  and  Applianoet."  Oatalogae  No.  2.  Fifth  Edidon.  190a 
(Chicago  and  London :  Fraser  and  CLalmen.) 

t  Iron  Trade  Review,  August  16,  1900,  p.  18. 

X  ZeittcKrift  filr  da$  Berg-y  HUUen-  und  Salinenvteten  im  preu»$iscken  SkuUe,  toL 
zlviiL  pp.  145-146. 

§  Staiu  und  Eiten,  toL  zx.  p.  997,  with  two  iUnstrations. 

II  TraMoetiont  of  the  Inttitution  of  Mining  Engineers,  vol.  xviii.  pp.  450-457. 

^  Zeiidchr{ft  dee  Vereinet  deuUeher  Ingenieure,  vol.  xliv.  pp.  675-680. 

**  Ttwn$aciione  of  the  Imtitntion  of  Mining  Engineers,  voL  xviii.  pp.  47S-482. 
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Undergronnd  Haulage.— The  use  of  pit  ponies  and  hone  haulage 
is  dealt  with  by  F.  Povey-Harper,*  questions  of  feeding,  shoeing, 
stabling,  and  the  cost  being  reviewed. 

J.  Fox  Tallis  t  gives  a  number  of  dimensioned  drawings  of  twenty- 
seven  trams  used  in  the  Welsh  coalfields,  and  in  many  cases  gives 
sections  of  the  rails  used  at  the  collieries.  A  suggested  design  is  alao 
given  as  a  standard.  In  tabular  forms  are  given  the  leading  dimen- 
sions and  other  particulars  of  the  trams,  rails,  and  sleepers.  The  ratio  of 
tare  to  weight  carried  in  the  trams  ranges  from  23*9  to  36*5  per  cent. 

W.  D.  L.  Hardie  I  describes  the  endless  under-rope  haulage  at 
Lethbridge  colliery  with  the  aid  of  a  plan  of  the  workings  and 
illustrations  of  the  various  mechanical  details. 

W.  Smith  §  describes  the  Priestman  oil  engine  used  for  under- 
ground haulage  and  pumping  at  the  Jellieston  Colliery,  Scotland. 

Heimann  ||  describes  the  mechanical  haulage  in  the  Upper  Silesian 
collieries.  Details  are  given  of  the  chain  haulage  at  seven  collieries, 
in  which  the  lines  varied  from  400  to  1850  metres  in  length  and  the 
cost  per  ton-kilometre  from  3*98  to  10*8  pfennig;  of  the  rope  haulage 
at  seventeen  collieries,  in  which  the  lines  varied  from  560  to  2200 
metres  in  length  and  the  cost  per  ton-kilometre  from  1*96  to  14*7 
pfennig;  and  of  the  locomotive  haulage  at  three  collieries,  in  which 
the  lines  varied  from  450  to  1250  metres  in  length  and  the  cost  from 
7*7  to  8*6  pfennig. 

The  various  mechanical  methods  of  haulage  in  use  in  the  levels  of 
the  mines  and  collieries  of  Upper  Silesia  are  described  by  Heimann.H 
These  include  the  various  kinds  of  chain  and  rope  traction,  and  also 
those  in  which  electric  or  benzine  engines  are  in  use. 

Hein's  releasing  appliance  for  rope  clips  is  illustrated.**  Sickle- 
shaped  guard-irons  depress  the  clip  and  free  it  from  the  rope. 

The  system  of  electric  mine-haulage  which  has  greatly  increased  the 
output  of  the  Eureka  collieries  in  the  Windber  district  in  the  United 
States,  is  described  by  A.  S.  McAllister,  ft    Ir  the  case  of  one  mine,  the 

*  Journal  of  the  Britith  Society  of  Mining  SiuderUs,  vol.  xx.  pp.  12G-180. 

t  Proeeedinfft  of  the  South  Wales  Jmtitute  ofSnffineere,  voL  xziL  pp.  37-63. 

X  Ihuntaetiont  of  the  Institution  of  Mining  Engineers,  vol.  xviii  pp.  S35r339,  with 
two  plates. 

§  lUd,,  vol.  zviU.  pp.  396-40a 

H  OlUeka^f,  vol.  zxxn.  pp.  440-456. 

IT  ^eitsehrift  fUr  das  Berg-,  HiUten-  und  SalinentDesen  im  preussisohen  Staaie,  roL 
xlviii.  p.  18. 

**  Colliery  Guardian^  vol.  Ixxix.  p.  834. 

ft  Engineering,  vol.  Ixx.  pp.  291-293 ;  American  Eleetrician,  1900.  pp.  318-^30. 
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Electricity  in  Mines. — H.  Louis  *  has  published  a  series  of  articles 
in  which  details  are  given  of  various  examples  of  the  application  of 
electricity  to  mining.  The  subjects  dealt  with  are  classified  under  the 
following  heads: — (1)  Lighting;  (2)  shot  firing  by  electricity;  (3) 
applications  of  magnetic  properties;  (4)  electrical  transmission  of 
power ;  and  (5)  special  mining  machinery. 

J.  Libert  t  discusses  the  employment  of  electricity  in  mines  at  con- 
siderable length,  and  traces  its  evolution  since  the  last  Paris  Exhibi- 
tion. Especial  reference  is  made  to  Belgian  practice.  The  paper 
forms  one  of  the  reports  submitted  at  the  Congress  on  Mining  and 
Metallurgy  held  at  Paris. 

S.  F.  Walker  X  describes  and  illustrates  various  applications  of 
electricity  in  British  collieries.  Hauling,  coal-cutting,  pumping,  and 
lighting  are  described  with  the  aid  of  numerous  illustrations,  and  the 
generating  plant  is  also  dealt  with  in  some  detail. 

S.  F.  Walker  §  discusses  the  problems  involved  in  running  collieries 
entirely  by  electricity  from  one  centre,  and  shows  the  advantages  of 
that  system. 

W.  Miillerl  describes  at  considerable  length,  and  with  the  aid  of 
many  illustrations,  the  electric  hauling  and  winding  machinery  in  use 
in  the  Ruhr  district.     An  abridged  translation  has  appeared.H 

E.  Schulz  **  describes  a  portable  type  of  electro-motor  protected  from 
dust  and  dirt. 

A  detailed  description  of  the  central  electric  station  for  light  and 
power  at  the  Margarethe  colliery  at  Solde,  in  Westphalia,  has  been 
published.    The  station  supplies  the  village  as  well  as  the  colliery,  ft 

Hand-Boring  Machines.  —  Comparative  experiments  {|  at  the 
Reden  colliery  with  hand-boring  machines  gave  the  following 
results : — 


*  Mining  Journal,  vol.  Ixx.  pp.  604.  634,  664.  697,  778.  796.  825.  875,  902,  925.  941. 
978. 

t  Bulletin  de  la  SociiU  de  VInduttrie  MinircUe  (advance  proof). 

X  Engineering  Magazine,  voL  xix.  pp.  713-727,  847-866. 

§  Journal  of  the  British  Society  of  Mining  Studentt^  vol.  xxii.  pp.  116-125. 

n  Gluekauf,  voL  xxxvi.  pp.  341-362. 

IF  Iron  and  Coal  Trades  Review^  vol.  Iz.  pp.  940,  1037,  1081. 

•♦  OlUckauf  vol.  xxxvi.  pp.  406-406. 

ft  iWd.,  pp.  393-394. 

tt  ZeitMchrift  fUr  dat  Berg-,  HiUten-  und  Salinenwesen  im  preussitchen  Staate^ 
vol.  xlviii.  pp.  104-150. 
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cutting  machinery  in  the  United  States.  The  number  of  machines 
used  in  1899  was  3125,  and  43,963,933  tons  of  coal  were  produced, 
an  increase  of  about  11^  million  tons  over  the  previous  year. 

Timbering  in  Mines. — J.  Dickinson  *  discusses  the  question  of  pit 
props  and  their  setting,  showing  that  the  length  of  a  prop  does  not 
affect  its  strength  within  the  usual  limits  of  ratio  of  diameter  to 
length,  and  that  divided  opinions  are  still  held  as  to  the  direction  or 
angle  at  which  props  should  be  set.  The  supply  of  timber  and  the  use 
of  tubular  steel  props  are  also  referred  to  and  discussed. 

The  Balmer  pit  prop  consists  of  two  cast  iron  cylinders,  of  which 
the  lower  is  filled  with  loose  packing  and  the  upper  part  telescopes 
into  it.  Holes  in  the  side  of  the  lower  cylinder  allow  some  of  the 
packing  to  be  removed,  so  that  the  prop  can  shorten  itself,  t 

S.  J.  Bridges  X  gives  some  particulars  showing  the  advantages  of 
Hepplewhite's  tapered  props. 

The  methods  of  timbering  in  use  at  the  Courri^res  collieries  near 
Lens  are  described  and  illustrated.§  Each  worker  at  a  face  has  a 
number  of  iron  bars  If  inch  square  and  4^  feet  long,  which  he  uses  as 
roof  bars,  and  keeps  them  in  advance  of  the  last  set  of  props. 

Mine  timbering  in  Grermany  is  discussed  by  F.  H.  Probert,|| 
especially  in  view  of  Califomian  practice. 

W.  E.  Sanders  H  describes  the  methods  of  timbering  used  in  the 
Western  United  States,  chiefly  in  shafts  and  working  places  of  metal 
mines. 

0.  Chanute**  gives  details  of  the  present  practice  of  preserving 
timber,  chiefly  as  applied  to  railway  sleepers. 

David  J.  Evan8,tt  in  a  paper  read  before  the  Indiana  Mining 
Institute,  describes  various  ways  of  cutting  and  placing  timbers  to 
secure  the  best  results. 

Explosives  and  Blasting.— At  the  Paris  International  Congress 
on  mining  and  metallurgy  several  papers  in  connection  with  explosives 

♦  Tran$aetion8  of  the  Manchester  Choloffical  Society,  vol  xxvi.  pp.  476-484. 
t  TrantactwM  of  the  InatittUion  of  Mining  Enffineers,  voL  xviii.  pp.  431-432. 
X  Iron  and  Coal  Trades  Review,  voL  Ixi.  p.  835. 
§  Ibid.,  voL  Ixi.  pp.  671-d72. 

I)  Transactions  of  the  American  InstilnU  of  Mining  Engineers,  Wuhingion  meetiDg, 
1900. 
IT  The  Mineral  Industry,  toL  riii.  pp.  715-743. 
**  Journal  of  the  Western  Society  of  Engineers,  voL  t.  pp.  100-126. 
ft  Mines  and  Minerals,  voL  xxL  pp.  39-40. 
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French  Commission  on  this  subject.  The  subject  is  dealt  with  fully, 
and  it  is  shown  that  it  is  undesirable  to  allow  a  magazine  under  ground 
to  contain  more  than  2  cwt  of  explosives.  These  are  to  have  two 
open-work  doors  to  allow  of  ventilation,  and  are  to  be  well  out  of  the 
way  of  any  possible  interference  with  the  ventilation  should  an  explo- 
sion result. 

A  memoir  by  S.  Mewes  *  on  the  efficacy  of  explosives  is  published. 

The  Meinhara  percussion  igniter  is  an  arrangement  by  which  it  is 
intended  to  avoid  danger  in  fiery  mines,  in  which  fuses  can  still  be 
used,  from  the  explosion  of  the  detonator  used  to  ignite  the  fuse.  A 
tube  is  employed  that  can  be  placed  over  the  detonator.  In  this  tube 
is  a  spring  surrounding  a  sort  of  piston  rod.  When  a  ring  outside  the 
apparatus  is  pulled  and  then  let  go,  this  rod  is  forced  back  by  the 
spring  against  the  detonator,  and  explodes  this  inside  the  tube.  Smoke 
issuing  through  holes  in  the  tube  shows  if  the  fuse  has  fired  properly. 
The  apparatus  is  of  very  small  dimensions,  being  only  about  7^  inches 
in  length,  and  can  readily  be  put  in  the  pocket,  with,  say,  100  de- 
tonators. These  are  covered  with  wax  to  render  them  water-tight  in 
the  mine,  and,  packed  in  boxes,  do  not  take  up  more  space  than  would 
a  watch.     The  fuse  requires  no  preparation.! 

A  description  has  been  published  |  of  a  French  device  by  which  a 
fuse  may  be  safely  fired  in  a  fiery  mine. 

Methods  of  Working  Goal. — At  the  Paris  International  Congress 
of  Mining  and  Metallurgy  three  long  papers  were  included  on  the 
conditions  of  mining  at  great  depths.  They  were  by  L.  Pou8sigue,§ 
S.  Stassart,||  and  J.  Hrabak.H  Of  these,  the  second  by  S.  Stassart 
dealt  more  particularly  with  Belgian  practice,  and  considers  in  detail 
the  arrangements  of  five  of  the  deepest  collieries  in  that  country.  The 
increase  of  temperature  involves  greatly  increased  ventilation,  and  at 
the  same  time  the  air  must  be  dry.  Winding  may  be  done  at  depths 
to  1630  yards  in  one  lift  with  moderate  loads  at  high  speeds,  but  the 
author  is  strongly  in  favour  of  the  flat  aloe-fibre  rope  in  preference 
to  wire  ropes.  Pumping^  ventilation,  and  cooling  the  air  are  also 
considered. 

♦  DingUr't  Polyteehnitchet  JoumcU,  vol.  oooxv.  pp.  408-412. 

t  Oetterreichitc/ie  ZeiUohrift  fUr  Berg-  und  HiitUnweten,  toI.  xlviii.  pp.    197-198, 
with  an  iUuBtration. 
X  Mines  and  MineraU,  vol.  xx.  p.  539. 

§  Bulletin  de  fa  SocUU  de  V Industrie  Minirale^  vol.  xiv.  pp.  198-374. 
II  Ibid,,  pp.  875-479.  IT  /Wd,  pp.  135-192. 
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features  attending  the  withdrawal  of  ribs  and  pillars  in  colliery 
workings.  Some  forty  points  are  considered,  and  the  author  advocates 
machine-cutting. 

J.  T.  Baird  *  describes  the  various  systems  of  working  coal  adopted 
in  Iowa ;  long-wall,  pillar-and-stall,  double  stall,  and  panel  breasts  are 
all  used. 

G.  R  Harris  t  describes  the  Makum  coalfield  in  Assam,  and  gives 
some  details  of  the  method  of  working  adopted,  which  resembles  the 
South  Staffordshire  square  work.  Sides  of  work,  30  by  40  yards,  are 
set  off  and  pillared  in  the  lower  part,  after  which  the  upper  part  is 
dropped  by  thinning  and  removing  the  pillars. 

Watteyne  X  discusses  the  prevention  of  accidents  in  the  shoots  or 
passes  used  for  delivering  coal  in  inclined  seams. 

Mine  Drainage. — Henry  Davey  §  has  written  an  exhaustive  work, 
in  which  he  divides  his  subject-matter  into  fifteen  chapters,  dealing 
respectively  with  the  early  history  of  the  pumping  engine,  steam 
pumping  engines,  pumps,  and  pump  valves,  the  general  principles  of 
non-rotative  pumping  engines,  the  Cornish  engine,  simple  and  com- 
pound types  of  mining  engines,  pitwork,  shaft  sinking  through  water- 
bearing strata,  hydraulic  transmission  of  power  in  mines,  valve  gears 
of  pumping  engines,  water  pressure  pumping  engines,  waterworks 
engines,  pumping  engine  economy  and  trials  of  pumping  machinery, 
centrifugal  and  other  low-lift  pumps,  and  hydraulic  rams.  Electric 
pumps  are  not  dealt  with.  Electricity,  the  author  points  out,  is 
coming  into  use  as  a  medium  of  transmission  of  power  to  underground 
pumps,  but  up  to  the  present  time  it  has  not  been  largely  used  except 
for  small  powers.  The  chief  difficulty  has  been  in  the  application  of 
the  quick-running  motor  to  the  slow-running  pump,  an  operation 
involving  high-speed  gearing,  belts,  or  ropes,  all  of  which  are  pracUcally 
objectionable.  Attempts  are  being  made  to  produce  a  quick-running 
pump  and  a  slow-running  motor  in  order  to  minimise  the  gearing 
required.  It  is  in  this  direction  that  improvements  must  be  made  if 
electricity  is  to  be  applied  to  heavy  pumping. 

The  old  Cornish  engine  with  its  pitwork  has  been  superseded  by 
improved  tjpea  of  pumping  machinery.  Long  experience  has,  how- 
ever, shown  the  value  of  working  with  engines  that  have  a  distinct 

*  Minei  and  MineraU,  voL  xxi.  pp.  126-127. 

t  TrimiocUont  of  the  Manchester  Oeological  Society ^  vol.  ^vi  pp.  572-590. 

t  AnnalcM  det  Minet  de  BelgiquCy  1900,  No.  I. 

§  The  Prineiplei,  Corutruction,  and  Applicatum  of  Pumping  MaMnerff, 
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which  has  been  at  work  for  eight  monthsy  preaents  many  points  of 
novelty. 

C.  Fran9ois*  describes  the  Kaselowsky  pnmping-engine  at  West- 
phalian  collieries. 

H.  Schmerber  f  describes  the  construction  of  a  subterranean  drain- 
age level  which  is  to  connect  the  lignite  mines  of  Grardanne,  near 
Marseilles,  with  the  sea.  The  paper  gives  a  long  and  well-illustrated 
account  of  methods  of  construction  and  apparatus  employed. 

C.  Cooke  I  gives  some  notes  on  the  reopening  of  a  flooded  colliery 
in  the  Lancashire  coalfield.  The  colliery  had  been  worked  on  bad 
lines  in  the  middle  of  the  century,  but  was  recovered  about  1874  with 
some  difficulty,  due  to  the  extensive  caving  and  the  large  amount  of 
water.  After  a  short  period  the  colliery  was  again  drowned,  and 
extensive  pumping  operations,  followed  by  re-sinking  under  many 
difficulties,  were  again  successful,  but  only  for  a  year,  when  the  water 
again  broke  it.     The  various  operations  are  sketched  in  some  detaiL 

The  Ventilation  of  Oollieiies. — In  his  monograph  on  the  con- 
ditions of  mining  at  great  depths,  contribute<l  to  the  Congress  on 
Mining  and  Metallurgy  at  Paris,  L.  Pou8sigue§  discusses  the  pro- 
blems of  ventilation  at  considerable  length,  and  inter  alia  refers  to  the 
use  of  Ser  and  of  Mortier  fans  running  in  series. 

At  that  Congress  Paul  Petit  ||  discussed  the  resistance  opposed  to 
air  currents  by  regulating  doors. 

Comparative  tests  of  a  Rateau  and  a  Guibal  fan,  under  the  same 
conditions,  have  been  made  by  A.  Soupart  and  L.  Legrand  of  the 
Charbonnages  R^unis  de  Charleroi,1I  and  a  table  recording  the  results 
of  the  experiments  is  given.  A  mean  of  the  four  observations  made 
on  each  of  the  two  fans  shows  that  the  Rateau  has  a  mean  mechanical 
yield  of  0*635,  and  the  Guibal  one  of  0*445,  the  difference  in  favour 
of  the  Rateau  being  0*19. 

An  illustration  is  given  **  of  the  Mortier  fan  at  the  Bruay  colliery. 

H.  W.   Halbaumtt  discusses  the   practicable  scope  or  the  limiu 

*  Revue  Univet-telU  da  Minei,  vol.  xlvii.  pp.  152-164. 
t  Q6nie  CivU,  voL  xxxvii.  pp.  67-60,  100-102. 

X  JauificU  of  tfic  British  Society  of  Mining  Students^  voL  xx.  pp.  147-155. 
§  Bulletin  de  la  SocidU  de  I' Industrie  MinircUe^  voL  xiv.  pp.  19^-373. 
II  76 W.,  vol.  xiv.  pp.  481-949. 
IT  Revue  Univertelle  dcM  Minet^  vol.  1.  pp.  44-6L 
*•  Colliery  Guardian,  voL  Ixxx.  p.  424. 
ft  Ibid.,  vol.  Ixxx.  pp.  816-317. 
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gives  elsewhere*  a  description  of  the  mine  and  conditions  existing 
before  the  accident. 

The  Lighting  of  OoUierieS. — Some  illustrations  ofvarioos  forms 
of  modern  and  other  safety  lamps  have  appeared.! 

J.  G.  Patterson  X  describes  Howat's  latest  form  of  safety  lamp,  the 
Patterson  gauze,  and  the  Darrah-Patterson  electric  igniter. 

J.  Ashw^rth  §  deals  with  the  failures  of  safety  lamps  while  in  use, 
and  some  of  the  disasters  caused  thereby.  Especial  attention  is  givoi 
to  the  risk  of  explosion  in  air  containing  fire-damp  and  dust  in  sus- 
pension. 

An  account  is  published  by  Fillunger  ||  of  an  explosion,  which  wis 
fortunately  of  a  very  slight  character,  and  was  apparently  due  to  Uie 
internal  percussion-igniting  arrangement  in  the  lamp,  which  was  of  the 
Wolf  benzine  typa  The  author  considers  that  other  explosions  have 
been  due  to  the  same  cause. 

In  the  discussion  which  ensued  on  the  reading  of  this  paper  Poq)aiI 
mentioned  a  similar  case.  In  this  instance  the  lamp  had  gone  out, 
and  there  was  apparently  no  gas  in  the  level  at  this  point.  On  re- 
lighting the  lamp  by  the  percussion  attachment,  a  slight  explosion 
of  gas  took  place  within  the  lamp,  and  at  one  part  of  the  gacse 
a  flame  appeared  radially  around  the  lamp  for  a  distance  of  aboct 
an  inch.  This  appearance  of  flame  was  merely  momentary.  !%« 
author  shortly  afterwards  went  back  to  the  same  spot  and  tried  to 
repeat  this,  but  failed  to  do  so.  He  has  since  seen  a  similar  experientt 
described  by  J.  Ashworth  and  A.  B.  Sawyer.  Dust,  he  thinks,  has 
much  to  do  with  such  explosions.il 

Fahndrich  **  describes^the  testing  station  for  safety  lamps  and  tbe 
experimental  mine  gallery  at  Bismarck,  in  Westphalia.  The  pap^  is 
accompanied  by  dimensioned  drawings  of  the  lamp-testing  apparatos 
employed. 

The  electric  lamp  designed  by  Giilcher  ft  for  use  in  collieries  gires 

*  Minet  and  Mineralt,  vol.  xx.  pp.  687-639. 

t  Iron  and  Coal  Trades  Review,  voL  Ix.  p.  1231,  voL  Ixi.  p.  IS. 

t  Transaciioni  of  the  Manchester  Geological  Society,  vol.  xxvi.  pp.  362, 427;  Trmmmf 
tiont  of  the  InttUtUion  of  Mining  Engineers,  vol.  xiz.  pp.  42-47. 

§  Ibid,t  vol.  xxvi.  pp.  519-661. 

II  Paper  read  before  the  Mining  and  Metallargical  Society  of  Moravian-Ostran. 

IT  Oaterreichische  ZeiUchrift  filr  Berg-  und  HHUenvfesen,  vol.  xlvHL;  BeUagt,  p? 
31-33. 

*•  OlUckauf,  vol.  xxxvi.  pp.  446-449. 

ft  Oesterreichisehe  Zeitschrift  filr  Berg*  und  HiiUenwesen,  vol.  xlviiL  p.  450. 
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K.  Miiller*  describes  what  he  believes  to  be  the  first  steam-eogine 
ever  used  in  the  brown  coal  mines  of  North-West  Bohemia.  It  was 
erected  near  TJdwitz  in  1813. 

At  a  meeting  of  the  Western  Pennsylvania  Central  Mining  InsUtiite, 
F.  C.  Keighly  read  a  paper  on  bituminous  coal-mining,  in  which  he 
showed  that  the  first  discovery  of  coal  in  America  was  made  by  FaUi» 
Hennepin  in  1669  in  Illinois.  The  city  of  Pittsburg  was  laid  oat  in 
1764,  and  twenty  years  later  the  privilege  of  mining  coal  was  granted 
by  William  Penn.     Anthracite  was  discovered  in  1768, 

Mine  Survesring* — A  beam  compass  with  a  scale  and  vernier 
attachment  is  described  by  C.  Gregorie  t  for  plotting  surveys.  By  its 
aid  measurements  of  one  link  and  less  can  be  plotted  on  plans  of  two 
chain  and  ^iirv  s^a^^ 

L.  G.  Morganroth  I  discusses  the  methods  of  preparing  and  keeping 
maps  of  collieries,  both  of  the  surface  and  of  the  underground  workings. 

A.  Rost  §  has  described  the  theodolites  and  other  surveying  instru- 
ments for  use  in  mines  which  have  been  made  by  the  firm  of  R.  &  A 
Rost  for  the  Paris  Exhibition. 

In  order  to  obviate  the  errors  in  measuring  lengths  in  mine  snr- 
veys  caused  by  variations  in  the  tension  of  steel  measuring-bands, 
M.  Przyborski  ||  has  devised  an  ingenious  instrument,  consisting  chieflj 
of  a  spiral  spring,  which,  placed  at  the  end  of  the  steel  band,  enaUes 
the  tension  to  be  regulated. 

Two  modifications  in  the  adjustment  of  theodolites  for  ose  in  mines 
are  described  and  illustrated  by  W.  Breithaupt.H 

D.  R.  Scott**  deals  exhaustively  with  the  development  of  mine 
surveying  instruments;  0.  Brathuhnft  describes  Langer's  patent 
hanging  compass;  and  F.  H.  Newell {{  describes  the  hydrographie 
investigations  of  the  United  States  Geological  Survey  in  their  relatioii 
to  mining. 

*  Oetten*eieh%9ehe  ZeiUehrift  fUr  Berg-  und  HUttenweam^  voL  zlviiL  pp.  20S-SOBi, 
with  two  illaitrationt. 

t  Proceedings  of  the  South  Walei  Institute  of  Engineers^  vol.  xxi.  pp.  527-530. 

X  Engineering  and  Mining  JourncU,  vol.  Ixx.  pp.  S67-368. 

§  Oeiterreiohisohe  Zeittchrift  fUr  Berg-  und  ffUttenwe$en,  vol.  xlTiiL,  Beitrnpc,  pp 
45-48,  with  five  illnitrations. 

II  Ibid.,  p.  309. 

IF  /&uf.,  vol.  xlviii.  p.  451,  with  two  Ulmtrations. 

**  Tran tactions  of  the  American  Institute  of  Mining  Sngineerf,  vol.  zzriiL  p.  ^9, 
vol.  xxix.  p.  931. 

tt-  Ztitschrift  fUr  Vermessungsweseny  1900,  p.  186. 

1^  Transactions  of  the  American  Institute  of  Mining  Engineers^  F^bnuuy  19001 
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Glencraig  (vol.  Ixxix.  p.  932).  The  colleries  in  the  Lanarkshire 
coalfield  described  are : — ^Viewpark  colliery  (vol.  Ixxix.  p.  979) ; 
Holy  town  colliery  (p.  1025);  Allan  ton  colliery  (p.  1078);  Orbiston 
colliery  (p.  1126);  Dalzell  and  Broomside  colliery  (p.  1172);  Rimmon, 
Galderhead,  and  Hartwood  Hill  collieries  (p.  12l9);  Auchlocban 
colliery  (vol.  Ixxx.  p.  14);  Shields  colliery  (p.  113).  An  illustrated 
description  of  the  collieries  of  the  £bbw  Vale  Company  has  appeared.  *^ 

H.  F.  Bulman  describes  the  following  collieries : — Metropolitan  in 
New  South  Wales  (OoUiery  Guardian^  vol.  Ixxix.  p.  879) ;  and  the  Aber- 
dare  Colliery,  near  Ipswich,  in  Queensland  (p.  1123). 

According  to  J.  Jiifinsky,t  the  Konigin  Luise  Colliery,  in  Moravian- 
Ostrau,  is  worked  by  the  State,  and  possesses  seven  winding  shafts. 
Employment  was  given  in  1899  to  7850  workpeople,  and  the  output 
reached  2,956,995  tons  of  coal,  valued  at  £1,095,000.  One  of  the 
seams  is  26  feet  in  thickness.  The  main  working  faces  are  lit  by 
electric  arc  lamps.     The  method  of  working  is  described. 

The  Concordia  Colliery  has  only  one  winding  shaft,  but  the  quantity 
wound  through  this  one  shaft  is  probably  larger  than  through  any 
other  one  shaft  on  the  Continent  of  Europe,  about  a  million  tons 
having  been  raised  in  1899.  The  pumps,  fans,  and  other  appliances 
are  described. 

J.  Crankshaw  %  gives  some  general  notes  on  coal-mining  in  South 
Russia. 

H.  M  Cadell  §  describes  a  colliery  in  the  Karharbari  coalfield,  and 
describes  the  miners  and  their  work  in  some  detail. 

A  short  description  of  the  collieries  at  Kebao,  Tonking,  has  appeared.  || 


IX,— COAL-  WASHING. 
Coal- Washing  and  Screening.— One  of  the  course  of  lectures  on 

mining  recently  published  by  Professor  W.  Galloway  H  deal  with  the 
washing  and  screening  of  coal.  A  plan  of  the  plant  at  the  Nouvelle 
Marihaye  collieries  is  given,  and  the  process  adopted  there  is  described 
with  the  aid  of  illustrations  of  the  machinery,  and  of  some  other  forms 

*  Iron  and  Coal  Trades  Reviefo,  vol.  Ixi.  pp.  169-172. 

t  Oesterreichit^e  ZeiUchrift  fdr  Berg-  und  HiUtenwesen,  toI.  xlriii..  Beitage,  pp. 
80-81. 
X  TranMctiom  of  ike  Manchester  Otclogieal  Society,  voL  xxvi.  pp.  410-419. 
§  Transactions  of  the  Institution  of  Mining  Engineers,  toI.  xix.  pp.  60-68. 
II  Iron  and  Coal  Trades  Review,  toI.  Ixi.  p.  217. 
If  Proceedings  of  the  South  Wales  Institute  of  Engineers^  vol.  x%\..  Appendix. 
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of  aaalogous  machinery  used  .  elsewhere.  BevolviDg  tipplers,  the 
screens  of  Briart,  Coxe,  Humboldt,  Borgman-£mde,  Rarlick,  and 
shaking  screens,  revolving  screens,  and  various  forms  of  picking  bands 
are  first  considered,  and  then  attention  is  directed  to  appliances  used 
for  washing  nuts  and  fine  coal. 

W.  W,  Beaumont  ♦  describes  the  vibromotor  and  its  application  to 
screening  coal,  giving  illustrations  of  several  forms  in  use.  An  arrange- 
ment of  screen,  driven  by  gearing  and  a  flat-jointed  rod,  is  made  by 
the  Hardy  Patent  Pick  Company  for  screening  coals,  minerals,  and 
other  materials.  A  heavier  form  of  vibromotor  screen,  as  made  by  the 
same  firm,  for  giving  three  different  sizes  of  coal  at  the  rate  of  about 
350  tons  per  day,  is  used  at  the  Low  Moor  and  other  collieries,  and  by 
Messrs.  Cory  &  Sons,  and  a  somewhat  similar  screen,  giving  five  sizes 
of  screen  product,  is  shown  in  connection  with  a  set  of  plant  for 
crushing  materials  before  screening,  and  for  re-elevating  the  tailings 
to  the  screen  after  passing  through  a  second  crusher  for  further  reduc- 
tion in  size.  This  arrangement  secures  a  regular  delivery  of  the 
material  to  the  receiving  end  of  the  screen.  Begular  delivery  by  such 
means,  or  from  hoppers  or  a  vibrating  shoot,  should  be  insisted  upon 
wherever  possible,  as  this  promotes  the  regular  action  of  the  screen 
and  the  better  treatment  of  the  materials  acted  upon.  Coal  screens  of 
this  kind  are  generally  made  in  sizes  up  to  12  feet  by  4  feet,  with 
perforated  screening  plates,  with  holes  from  ^  inch  to  2J^  inches  and 
for  giving  five  products :  that  is  to  say,  for  dust,  slack,  peas,  nuts,  and 
cobbles.  Larger  screens  have  been  made.  Those  which  are  12  feet 
by  4  feet  will  do  from  200  to  300  tons  per  day  with  about  3J  to  4 
horse-power,  and  according  to  the  size  of  coal  to  be  screened.  Rope- 
driving  is  used  in  some  cases,  but  belt-driving  is  preferred ;  belts  of  only 
about  3  inches  wide  being  used  for  these  large  screens.  The  whole  of 
the  work  done  being  utilised  in  the  required  result,  very  small  power 
is  used.  The  diameter  of  the  gyratory  circle  described  by  these 
screens  of  the  larger  sizes  for  coal  is  generally  not  more  than  an  inch, 
and  the  number  of  revolutions  of  the  vibromotor  spindle  about  350 
per  minute.  These  figures,  of  course,  vary  with  the  screens  of  different 
sizes  and  for  different  purposes. 

A  plan  of  the  new  plant  at  Broomhill  Colliery  is  given  by  J.  £. 
O'Keefe  f  to  show  the  banking  and  screening  arrangements  to  deal 
with  1800  tons  daily. 

*  Journal  of  the  BrUuh  Society  of  Mining  SluderUi,  voL  xx.  pp.  105-115. 
t  Ibid,  pp.  181-133. 


4S6  TUB  IBOIV  AHD  ffTEKL  UfDCSIUIS. 

Ail  illiutratioti  bat  appeared  *  of  two  40(Moo  R<»biiiaiMi 
erected  io  Alabama. 

The  ooal-watbing  pUnt  of  tbe  Dominion  Goal  Companj  in  Norm 
Scotia^  recently  visited  by  the  American  lostitote  of  Mining  £ngiiieera» 
conn«ts  of  two  Robinson-Ramsay  coal-washers^  with  a  combined 
capacity  of  2000  tons  of  washed  coal  per  day.  The  sladc  coal, 
deposited  in  bins  with  a  storage  capacity  of  1200  tons,  is  raised  to 
the  top  of  the  building  and  divided  between  the  two  washers.  An 
average  of  41  per  cent,  of  the  ash  and  28  per  cent,  of  the  solphnr  is 
removed  by  the  washing.  Coming  from  the  washers,  the  coal  is  carried 
over  screens,  and  the  water  drained  into  tanks,  whence  it  is  pumped 
by  foar  pulsometers  of  1000  gallons  capacity  per  minute,  and  used  orer 
and  over  again.  After  passing  over  the  screens  the  coal  falls  into 
another  elevator  that  takes  it  to  the  washed  coal  storage  bin,  holding 
1800  tons.t 

A  description  has  appeared }  of  tbe  surface  arrangements  and 
screening  plant  of  the  Gilly  colliery  near  Charleroi  in  Belgium,  where 
152,800  tons  were  wound  in  the  year  in  two  shafts.  Coxe's  gyratory 
screens  are  in  use. 

Illustrations  are  given  §  of  the  coal  separating  plant  at  the  Konigin 
Luise  colliery.  Tiie  coal  from  the  pit  is  classified  by  the  main  plant 
into  lumps,  two  grades  of  nuts,  and  smalls,  the  first  three  kinds  being 
delivered  on  to  picking  bands  and  conveyors,  whilst  the  smalls  fall 
into  a  hopper,  whence  they  are  discharged  through  a  shoot  on  to 
the  endless  belt  which  delivers  them  to  the  swinging  screen  on  the 
way  to  the  railway  trucks.  If  it  is  desired  to  pass  them  through  the 
secondary  classifiers  a  shoot  is  closed  by  a  shutter,  and  the  coals  fall  on 
to  the  sloping  screen,  which  is  provided  with  a  double  bottom,  the 
upper  floor  of  which  consists  of  perforated  sheet  metal  of  |-inch  mesh, 
the  lower  floor  being  unperforated.  The  bulk  of  the  dust  coal  drops 
through  the  meshes  on  to  the  lower  floor,  whence  it  falls  through  a 
shoot  on  to  the  conveyor.  The  screen  is  caused  to  swing  by  means  of 
eccentrics.  The  smalls  from  the  upper  floor  *>f  the  screen  fall  into 
a  bin  and  are  raised  by  an  elevator  to  a  Baum  swinging  screen,  where 
they  are  classified  into  nuts  I.  and  II.,  peas,  and  lump. 

*  Atna-ican  Manujdoturfr,  vol.  Ixvi.  p.  277. 
t  CanadioH  Mininff  Review,  voL  xix.  p.  108. 

^  Annates  dea  Mines  de  Befffique  ;  CoUierjf  Ouardian,  vol.  Ixxiz.  pp.  1186-1187. 
§  JkUtokrift  fUr  dm  Berg-t  HiUUn-  und  Salinenw€9eH  im  preussi$eken  Staate^  voL 
xlvliL  pp.  109-lU. 
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opportunity  for  the  introduction  of  special  machinery  to  utilise  the 
immense  tracts  of  peat  land  extending  all  over  Russia,  This  question 
is  being  taken  up  by  the  Gk)verument.  Commissions  were  appointed 
to  consider  the  question,  and  have  submitted  a  report  on  the  subjeet 
embodying  important  suggestions  as  to  the  manner  of  bringing  this 
simple  industry  before  the  peasantry  of  the  country,  and  also  suggest- 
ing that  financial  assistance  should  be  granted  by  the  Government  for 
the  purchase  of  the  necessary  machinery  for  the  construction  of  narrow 
gauge  railways,  &c, 

^i^TidliTig  OoaL — Illustrations  are  given  *  of  the  Temperley  trans- 
porter erected  at  the  Yiscaya  works,  Bilbao,  for  discharging  coal  from 
vessels  and  piling  it.  The  overhang  on  the  water  side  is  43  feet^  and 
on  the  land  side  100  feet  Loads  of  30  cwt.  are  handled  with  a  hoist- 
ing speed  of  300  feet,  and  a  traversing  speed  of  600  to  800  feet  per 
minute. 

In  a  paper  read  before  the  Verein  Deutscher  Eisenhuttenleide^ 
Aumuudt  considers  the  subject  of  transporting  coal,  and  of  chargiog 
and  discharging  it  in  transport.  He  deals*  with  the  Hunt  appliani^ 
which  he  describes  in  detail.  Illustrations  of  this  elevator  are  shown 
in  connection  with  German  works.  Mention  is  made  of  a  ship  carry- 
ing 2300  tons  of  coal  that  was  filled  by  two  of  these  elevators  in 
twenty-four  hours.  One  of  the  illustrations  shows  this  elevator  as 
employed  at  Copenhagen  in  loading  ships  belonging  to  the  Danish  Cual 
Company.  At  Copenhagen  alone  there  are  employed  thirteen  of  these 
elevators,  and  seventy-five  automatic  lines  in  connection  with  theu. 
The  subject  is  dealt  with  at  considerable  length. 

Illustrations  are  given  |  of  a  wire  ropeway  for  handling  coal  at  San 
Francisco. 

Some  illustrations  of  belt  conveyors  for  handling  coal  have  ap- 
peared.§ 

S.  A.  Everett  ||  describes  the  surface  arrangements  for  the  delivery 
of  coal  from  pit  cage  into  railway  waggons  for  a  quantity  of  say  1500 
tons  per  day,  exclusive  of  coal- washing  and  coking. 

*  Iron  and  Coal  Trades  Review^  vol.  IxL  pp.  727-730. 
t  SUkhl  und  Euetiy  vol.  xx.  pp.  825-836,  with  11  illustraiiotiB. 
X  Engineering  and  Mining  Journal^  vol.  Ixx.  p.  163. 
§  Iron  and  Coal  Trades  Review^  vol.  IxL  pp.  780-782. 

II  Proceedings  of  the  South  Wales  Institute  of  Engineers,  voL  xxL    pp.   386-451 . 
Canadian  Mining  Review,  vol.  xix.  pp.  154-160. 
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h— BLAST-FURNACE  PRACTICE. 

A  New  English  Blast-Fnmace. — A.  Sahlin*  describes  the  re- 
constructed blast-furnace  at  Askam,  belongiug  to  the  Millom  and 
Askam  Hsematite  Iron  Company.  The  present  plant  consists  of  six 
furnaces  70  by  19|  feet  at  Millom,  and  four  at  Askam,  75  by  19|  feet. 
Of  these,  six  at  present  are  in  blast,  making  130  tons  each  daily  of 
Bessemer  pig  iron. 

The  new  furnace  stack  is  90  feet  high,  the  steel  shell  being  built 
of  sufficient  size  to  admit  of  a  20-foot  bosh.  The  present  lining  will 
be  built  to  a  bosh  diameter  of  18  feet.  The  hearth  measures  11  feet 
in  diameter  at  the  tuyere  line,  and  is  fitted  with  twelve  5-inch  tuyeres 
placed  8  feet  above  the  hearth  level.  Two  slag  notches  are  provided 
at  opposite  sides  of  the  furnace.  The  tap-hole  is  closed  by  a  mechani- 
cal stopper  worked  by  compressed  air.  The  hearth  is  bound  with 
cast  iron  coil  plates  3^  inches  thick  and  8  feet  high.  The  phosphor 
bronze  tuyere  coolers  are  supported  by  a  belt  of  12  cast-steel  collars 
strongly  bolted  together.  The  bosh  is  bound  with  five  9-incli  by 
1-inch  steel  hoops,  and  is  cooled  by  11  rows  of  cast-copper  cooling 
plates.  The  shell  is  supported  by  six  columns  26  feet  high,  resting  on 
a  solid  iron  base  18  inches  high,  and  leaving  the  bosh  and  lower  part  of 
the  shaft  accessible.  The  stock  line  at  top  measures  14  feet  in  diameter, 
and  is  protected  by  iron  plates  built  into  the  furnace  wall     The 

*  Iron  and  Coal  Tradet  Review,  toI.  Ix.  pp.  1229-1230 ;  Iron  Afje,  July  12,  1900, 
pp.  14-16. 
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faultlesg  for  the  protection  of  blast-famace  boshes  and  hearths,  bat 
▼ery  little  attention  is  paid  to  the  protection  of  the  lining  above  the 
mantle.  Some  fomacemen  use  mantle-plates,  while  others  do  not; 
bat  to  preserve  the  lines  of  the  fomace,  and  thereby  to  prolong  its 
life,  something  shoold  be  done.  The  Bafialo  fomace,  as  pat  in 
blast  in  1895,  had  three  rows  of  double  pipe  cast-iron  plates  of  the 
ordinary  type  above  the  mantle.  The  first  row  of  these  plates  was 
placed  5  inches  above  the  mantle,  with  the  front  edge  of  each  plate 
4|  inches  from  the  inside  line  of  the  brickwork ;  the  second  row  was 
2J^  feet  above  the  first,  with  the  front  edge  of  each  plate  9  inches  from 
the  inside  line  of  the  brickwork  ;  and  the  third  row  was  2|  feet  above 
the  second,  with  the  front  edge  of  each  plate  4|  inches  from  the  inside 
line  of  the  brickwork.  After  blowing-in,  the  furnace  worked  very 
well  for  the  greater  part  of  the  fii-st  year,  when  it  began  hanging  and 
slipping,  which  gradually  became  so  pronounced  as  to  interfere  materi- 
ally with  the  grade  of  the  iron.  About  the  end  of  the  first  year,  the 
water  circulation  was  lost  on  the  inner  pipes  of  the  three  rows  of  plates 
above  described ;  after  which  there  was  no  more  hanging  and  slipping, 
while  the  grade  of  the  iron  improved  and  the  oatput  increased.  In 
about  a  year  and  a  half  from  the  time  the  inner  rows  of  pipes  were 
lost,  the  outer  rows  were  lost  also ;  and  there  being  no  water  protec- 
tion left|  the  furnace  soon  enlarged  at  this  point  to  such  an  unfavour- 
able diameter  and  shape  that  it  became  necessary  to  blow  out  at  the 
end  of  the  third  year. 

The  ledge  formed  by  the  wearing  away  of  the  brickwork  above  the 
plates  interferes  with  the  regular  descent,  and  when  the  pipes  are  lost 
the  lining  naturally  wears  away.  This  could  be  sufficiently  retarded 
to  ensure  the  retention  of  favourable  lines,  through  the  period  of  an 
average  blast,  by  six  rows  of  plates  above  the  mantle,  placed  2^  feet 
apart,  with  their  front  edges  at  least  9  inches  from  the  inside  line 
of  the  brickwork. 

The  author  has  also  observed  the  result  of  fitting  up  a  furnace  with 
rows  of  solid  cast-iron  plates  at  the  stock-line,  and  finds  that  these 
plates,  with  an  inner  edge  5  inches  wide,  placed  in  rows  1  foot  apart, 
have  worn  well,  and  have  protected  the  lining  at  this  point.  It  would 
not  be  surprising  to  see,  before  long,  furnace  stocks  plated  from  the 
mantle  to  a  point  above  the  stock-line  with  water-plates  and  solid 
plates.  The  only  question  difficult  to  decide  will  probably  be  the 
point  in  the  ascent  at  which  the  water-plates  shoald  stop  and  the 
solid  plates  begin. 
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and  in  the  latter  232  lb«.  of  dost.  The  appliance  consists  of  a 
rectangular  box,  about  16  feet  square,  with  a  funnel-shaped  bottom. 
A  layer  of  iron  scale,  about  4  feet  in  thickness,  is  suspended  in  the 
centre,  to  act  as  a  filtering  material,  and  is  arranged  so  that  it  can  be 
shaken  at  intervals  to  allow  the  dust  to  fall  through.  The  apparatus 
is  also  described  by  £.  Demenge.* 

Charging  Blast-Fornaces  Mechanically. — F.  W.  Liirmannt 

makes  suggestions  as  to  the  mechanical  charging  of  blast-furnaces. 
Referring  to  the  inclined  hoist  of  the  Brown  Hoisting  and  Conveying 
Machine  Company  of  Cleveland,  the  author  observes  that  by  its 
use  labour  is  saved ;  but  these  hoists  are  fixed,  and  there  is  one  for 
every  blast-furnace.  If,  therefore,  anything  should  go  wrong  with 
one  of  these  hoists,  the  blast-furnace  it  serves  would  have  to  go  out  of 
work  while  repairs  were  being  made  to  the  hoist  He  suggests,  there- 
fore, that  a  hoist  should  be  movable,  like  a  travelling  crane,  and  gives 
explanatory  illustrations. 

A.  E.  Maccoun  |  states  that  an  electrically  driven  hoist  was  started 
in  1898  at  one  of  the  Edgar-Thompson  furnaces,  and  since  then  six 
more  have  been  added.  Tests  show  an  average  efficiency  of  61  per 
cent,  though  the  load  raised  varies  from  1  to  5  tons.  Their  advantages 
as  compared  with  steam-hoists  are  discussed. 

Illustrations  have  appeared  §  of  a  hoist  designed  by  E.  O.  Bust  for 
blast-furnaces.  A  double  track  is  provided  on  an  inclined  girder,  one 
track  being  over  the  other,  so  that  the  skips  running  on  them  counter- 
balance each  other  but  run  to  the  same  loading  and  discharging  points. 

An  illustrated  description  has  been  published  J  of  the  new  Otto  wire 
ropeway  constructed  for  the  Hoesch  Ironworks  at  Dortmund.  The 
line  is  1160  feet  long,  the  difference  in  level  between  the  loading  and 
discharging  stations  being  81|  feet,  and  the  maximum  gradient  1 
in  8*4.  The  capacity  of  the  line  is  20  tons  an  hour.  It  is  intended 
for  the  transport  of  coke  to  the  blast-furnaces,  and  connects  the  coke- 
ovens  with  the  blast-furnace  plant 

Blowing-Engines. — Illustrations  of  a  blowing-engine  for  an  iron- 
works in  Ohio  have  appeared. U    It  is  of  the  steeple  type,  with  air 

*  BuUetin  de  la  SoeiM  Induiirielle  de  VEsty  1899>1900. 

t  Stakl  und  Eiten^  toI.  xx.  pp.  661-564,  with  iUuatrationt. 

t  Iron  Ape,  June  28, 1900,  p.  34. 

§  Ih%<L,  September  6, 1900,  pp.  10-11. 

n  Stahl  und  Siten,  toI.  xx.  pp.  981-9S2. 

IT  American  Manufacturer^  toI.  Ixvi.  p.  446 ;  Iron  Age,  Jane  7, 1900,  pp,  10-12. 
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operated  by  hand,  thoagh  at  first  their  operation  was  aatomatic. 
Smaller  hydraulic  rams  return  the  main  rams.  The  cost  is  given  at 
1^.  per  ton.  The  author  also  deals  with  the  advantages  of  machine 
breakers,  and  the  discussion  turns  to  some  extent  on  the  sand 
question. 

Pig  Iron  Oasting  Appliance. — K.  Orth  has  designed  a  pig  iron 
casting  machine  in  which  a  number  of  moulds  are  placed  longitudinally 
and  in  rows.  Their  movements  are  automatic,  and  can  be  regulated 
from  one  spot,  both  for  filling,  emptying,  and  subsequent  transport* 
A  description  and  illustrations  of  this  appliance  has  appeared.* 

An  apparatus  for  facilitating  the  removal  of  pigs  from  the  moulds  of 
Uehling's  pig  iron  casting  machines  has  been  in  constant  use  at  the 
Lucy  Furnaces  of  the  Carnegie  Steel  Company.  A  pin  carried  by  a 
piston  rod  strikes  the  pig  as  the  mould  brings  it  in  front  of  the 
cylinder  to  which  the  supply  of  steam  is  controlled  by  the  chain  of  the 
casting  machine,  f 

The  Utilisation  of  Blast-Furnace  Oas.— The  utilisation  of  blast- 
furnace gas  in  gas-engines  is  considered  by  K  Demenge,^  as  regards 
the  quality  and  quantity  of  the  gases  produced  by  blast-furnaces,  their 
present  and  future  use  in  motors,  the  principal  engines  that  lend 
themselves  to  such  utilisation,  and  the  blowing-engines  driven  by  these 
motors.  The  whole  of  the  paper  is,  in  fact^  a  summary  of  what  has 
been  done  in  this  direction,  and  it  is  supplemented  by  numerous 
illustrations  of  the  engines  and  plant  now  at  work,  and  an  account  of 
the  Cavallier  dust-catcher,  previously  referred  to  in  this  volume.  The 
author  adds  a  table  showing  the  works  owning  gas-engines  driven  by 
blast-furnace  gas,  and  giving  the  names  of  the  builders  of  the  engines, 
the  situation  of  the  works,  the  system,  number,  and  horse-power  of  the 
engines,  the  number  of  their  cylinders,  and  the  uses  to  which  they 
are  applied.  These  uses  include  the  generation  of  electricity,  trans- 
mission of  power,  the  driving  of  blowing-engines  and  air  compressors, 
lighting,  pumping,  &c.  The  number  and  horse-power  as  distributed 
in  various  countries  is  as  follows : — 

*  Stahl  und  Eiten,  vol.  xx.  pp.  1033-1037,  with  12  UlaBtrationi. 
t  Iron  and  Coal  Trades  Review^  vol.  Ixi.  p.  816. 

X  Bulletin  de  la  SoeiiU  de  I' Kit  de  la  France,  1899-1900;  Colliery  Ovardian^  roL 
Uxix.  pp.  996-99a 
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tions,  and  the  mechanical  efficiency  to  nearly  82  per  cent,  the  blast 
pressure  being  at  the  same  time  raised  to  448  mm.  The  experiments 
are  summed  up  in  the  statement  that  28  per  cent  of  the  heat  was  con- 
verted into  work  in  the  cylinder,  20  per  cent  was  lost  in  the  waste  gas 
and  otherwise,  while  52  per  cent,  was  carried  away  in  the  cooling  water. 

The  increasing  use  of  large  gas-engines  for  power  purposes  is  dis- 
cussed by  M.  Miinzel.*  A  number  of  such  engines  are  described,  and 
the  progress  of  the  gas-engine  considered  generally,  together  with  the 
establishment  of  central  power  stations.  Some  modem  plants  are 
dealt  with  in  some  detail. 

The  first  tests  of  the  600  horse-power  gas-engine  constructed  at  the 
Seraiug  works  to  utilise  the  blast-furnace  gases  were  made  there  on 
March  20  and  21.  A  description  of  this  gas-engine  is  published.! 
The  gas  is  taken  from  the  main  lead  and  is  sent  direct  to  the  engine 
without  any  separation  of  the  dust  it  may  contain.  The  results  were 
very  satisfactory. 

Details  are  published  |  as  to  the  very  satisfactory  results  obtained  in 
connection  with  the  600  horse-power  engine  driven  by  blast-furnace 
gas  at  Seraing.  The  engine  was  driven  by  gas  taken  direct  from  the 
boiler  leads  without  further  purification. 

K  Meyer  §  also  deals  at  considerable  length  with  the  experiments 
made  with  the  600  horse-power  engine  driven  by  blast-furnace  gas  at 
the  Seraing  works,  and  working  a  blowing-engine. 

The  large  engines  at  the  Donnersmarckhiitte  and  the  Friedenshiitte, 
which  have  been  erected  for  the  utilisation  of  blast-furnace  gases,  are 
described.  According  to  Muller,||  there  had  been  at  work  continuously 
for  five  months  at  the  Donnersmarck  works  a  100  eflfective  herse-power 
gas-engine,  having  a  19*7  inch  cylinder,  33*5  inches  stroke,  and  making 
130  revolutions  in  the  minute.  It  is  used  for  driving  a  dynamo 
coupled  direct  to  it.  There  has  only  been  one  stoppage  for  repairs 
in  the  whole  five  months,  and  that  was  merely  to  replace  a  spring 
forming  part  of  the  igniting  arrangement,  and  consequently  had 
nothing  to  do  with  the  utilisation  of  the  gas  as  the  source  of  power. 
The  blast-furnace  gas  used  for  this  purpose  is  of  about  1000  calories 
value,  and  contains  per  cent,  by  volume — 

Carbon  Monoxide.  Hydrogen.  Carbon  Dioxide. 

31  3-4  7-8 

*  Stahl  und  EUen,  toI.  xx.  pp.  315-320,  382-302,  with  14  iUattrations. 
t  Ibid.,  p.  401.  t  Jbid,,  pp.  419-420,  with  two  iUattrations. 

§  Ibid,^  pp.  721-729,  with  three  iUuttrationa. 

II  Paper  read  before  the  EigenhUUe  Oberschltsien,  January  21,  1900 ;  Stahl  unU  Eiteny 
Tol.  zx.  pp.  413-416,  with  three  iUuttrationi. 
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pound  of  dust  could  be  scraped  out  of  the  explosion  chamber  and  from 
the  piston  bottom.  When  more  than  one  blast-furnace  is  at  work  at 
the  same  time,  the  average  composition  of  the  escaping  gases  does  not 
vary  very  greatly  as  a  whole,  but  a  regulator  attached  to  the  gas-engine 
permitting  more  or  less  gas  to  enter  allows  even  for  considerable  varia- 
tions in  this  direction.  The  moisture  in  the  gas  reduces  its  calorific 
power,  but  this  has  been  found  at  the  Friedenshiitte  to  be  quite  high 
enough,  given  adequate  compression,  to  yield  the  necessary  power  at 
the  moment  of  explosion.  The  gas  from  the  Friedenshiitte  blast- 
furnaces has  to  pass  for  a  distance  of  about  550  yards  before  it  reaches 
the  gas-engine.  It  passes  through  a  series  of  dry  scrubbers.  Some 
were  at  first  filled  with  porous  coke,  but  this  soon  clogged,  and  now 
these  coke  scrubbers  are  left  empty.  They  finally  pass  through  saw- 
dust purifiers  to  a  gasometer,  whence  they  subsequently  pass  to  the 
engines.  The  natural  gas  pressure,  as  it  comes  from  the  blast-furnace, 
is  high  enough  to  force  the  gas  to  the  engines,  where  it  still  amounts 
to  from  0*8  inch  to  2*36  inches  of  water.  The  works  possess  two  200 
horse-power  Otto  gas  engines,  and  two  of  300  horse-power  each.  The 
former  are  used  for  electric  lighting,  and  the  two  larger  engines  for  the 
electric  transmission  of  power.  These  engines  are  described.  The  gas 
as  it  leaves  the  blast-furnace  has  a  pressure  of  from  3*5  to  5*9  inches  of 
water  and  a  temperature  of  about  330"  C.  At  the  engines  the  pres- 
sure has  fallen  to  that  already  mentioned,  and  the  temperature  to  only 
8**  to  13*  0.  After  passing  the  dry  purifiers  at  the  blast-furnace  the 
gas  contains  about  5  grammes  of  dust  per  cubic  metre  (35*32  cubic 
feet).  Just  before  the  sawdust  purifiers  the  quantity  is  only  0*6  to  1  *6 
gramme  per  cubic  metre,  and  only  a  few  thousandths  of  a  gramme 
after  passing  through  the  sawdust  The  moisture  in  the  cubic  metre 
of  gas  was  found  to  be  13*5  grammes  before  the  sawdust  was  passed 
through,  and  but  5*5  grammes  afterwards.  The  gas  as  it  enters  the 
engines  contains  per  cent. : — 

Carbon  Monoxide.  Hydrogen.  O&rbon  Dioxide. 

28  to  80  3  to  3*5  6  to  7 

The  200  horse-power  engines,  when  working  at  only  a  90  horse-power 
rate,  use  233  cubic  feet  of  blast-furnace  gas,  or  183*6  cubic  feet  of  pro- 
ducer gas  per  horse-power  and  per  hour.  When,  however,  yielding 
177  horse-power  they  only  wanted  134  cubic  feet  of  gas  per  horse- 
power hour,  whence  it  will  be  seen  that  when  doing  their  maximum 
work  they  require  scarcely  124  cubic  feet  of  blast-furnace  gas  per  horse- ' 
power  hour.     The  water  required  in  the  case  of  a  200  horse-power 
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greatest  danger  in  the  safe  working  of  a  gas-engine  lies  in  the 
attainment  of  too  high  pressure  and  too  high  temperature.  The  use  of 
'*  power  gas  **  prepared  on  the  Oechelhauser  system  hy  the  Deutsche 
KraftgaS'Oeselhchaft  is  specially  referred  to.  The  use  of  power  gas, 
as  distinguished  from  hlast-furnace  gas,  is  generally  dealt  with,  as  also 
is  the  progress  that  has  been  made  iu  the  use  of  gas-engines,  which, 
though  long  looked  upon  with  favour  theoretically,  have  only  of  late 
years  begun  generally  to  be  adopted  in  practice  on  any  large  scale. 

M.  Miinzel  *  compares  the  600  horse-power  Cockerill  engine  to  be 
worked  with  blast-furnace  gas  with  a  600  horse-power  and  a  1200 
horse-power  engine  made  by  the  Deutz  Company.  The  latter  have 
four  cylinders.  He  shows  that  the  latter  possess  advantages  over  the 
former. 

A.  D.  Adams  f  points  out  that  about  half  the  energy  of  the  gas  is 
lost  in  the  water  used  for  cooling  the  cylinders  of  gas-engines,  and  in 
addition  there  is  the  waste  heat  in  the  exhaust  This  heat  might  be 
utilised  for  hot  water  heating  systems,  or  in  other  ways. 
Xi  According  to  Osann,}  there  is  produced  in  Oermany  and  Luxemburg 
920  tons  of  pig  iron  per  hour.  The  gas  resulting  would  be  equivalent 
to  the  production  of  377,200  horse-power  per  hour  if  gas-engines  were 
utilised.  The  saving  in  coal  would  amount  to  about  £16,500,000  per 
annum.  The  question  of  the  utilisation  of  blast-furnace  gases  in  gas- 
engines  is  dealt  with  generally  by  the  author. 

K  Meyer  g  describes  various  gas-engines  for  using  blast-furnace  gas, 
including  a  600  horse -power  two-cycle  Oechelhauser  engine.  The 
stroke  is  31*5  inches,  and  the  diameter  of  the  cylinders  is  18*9  inches. 
The  speed  is  135  revolutions  per  minute,  and  the  gas  consumption  is 
given  as  124  cubic  feet  per  horse-power  hour. 

The  use  of  blast-furnace  gas  for  motive  power  is  described  by 
0.  K  Westin,||  who  gives  a  historical  summary  of  the  development 
of  the  gas-engines  used. 

K  Theisenll  describes  his  method  for  the  purification  of  blast-furnace 
and  other  works  gases.  It  consists  in  the  use  of  a  centrifugal  gas- 
washer.  One  such  apparatus  has  recently  been  erected  at  the  Horde 
works.     It  is  cylindrical  in  form,  about  5  feet  in  width  by  15  feet  in 

*  Stahl  und  Si$en,  toL  xx.  p.  1095. 

t  Engineering  Meigazine^  toI.  six.  pp.  623-528. 

X  ZeiUchrift  det  Vereines  devUcher  Ingenieurt,  toL  xliv.  pp.  8S6-887. 

§  Ihid,,  p.  1056,  with  plate. 

il  JemkontoreU  Annaler,  1900,  pp.  369-461. 

IF  Stahl  und  Eiden^  yoI.  xx.  pp.  1037-1041,  with  one  iUustintion. 
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which  particulars  are  given,*  together  with  a  plan  and  other  illostra- 
tions.  There  are  two  fnmaces  17  hy  75  feet,  with  six  hot-hlast  stoves 
18  by  75  feet,  and  room  for  two  more  stoves.  Five  blowing-engines 
with  air  cylinders  54  by  84  inches  are  provided,  and  six  350  horse- 
power vertical  tubular  boilers.  Each  furnace  has  a  casting-house  60 
by  175  feet.  The  Kennedy  filling  arrangements  are  fitted  to  these 
furnaces,  and  these  are  also  described,  t 

Some  illustrations  have  appeared  |  of  the  blast-furnace  and  steel 
plant  and  collieries  of  the  Ashland  Coal  and  Iron  Co.  at  Huntington,  West 
Virginia.    There  are  three  blast-furnaces  at  work  served  by  12  stoves. 

New  Belgian  Blast-Fnmace. — At  Couillet,  in  Belgium,  a  large 
new  blast-furnace  has  been  completed.  It  is  the  first  blast-furnace  of 
the  American  type  erected  on  the  Continent.§ 

Blast-Furnace  at  Malaga. — Details  are  given  ||  of  the  new  blast- 
furnace just  started  at  Malaga.  The  furnace  is  80  feet  in  height^ 
and  its  maximum  diameter  is  19  feet.  There  are  three  Cowper 
stoves  in  use  and  one  in  reserve.  There  are  three  boilers  heated  by 
the  furnace  waste  gases.  A  25-ton  open-hearth  furnace  has  also  been 
built.  The  ore  smelted  in  the  blast-furnace  is  h»matite  from  Casariche, 
with  coke  from  Belmez.    The  present  output  is  80  tons  a  day. 


II.— CHEMICAL  COMPOSITION  OF  PIG  IRON. 

The  Effect  of  Remelting  Pig  Iron.— T.  D.  West  II  gives  some 
analyses  to  show  the  effect  of  remelting  iron  and  scrap  steel.  The 
following  table  shows  the  effect  of  five  remelts  on  charcoal  pig  iron : — 


Charcoal 

First 

Second 

Third 

Fourth 

Fifth 

Pig  Iron. 
8-94 

Elemelt. 

Bemelt. 
4-80 

Bemelt. 

Bemelt 

Bemelt. 

Totiil  carbon 

410 

4*47 

4*68 

476 

Oraphitio  carbon 

3-06 

2-90 

2-42 

2*90 

2*67 

3*16 

Combined  carbon 

0-88 

1-20 

1-90 

1*57 

2*01 

1*60 

Silicon         .... 

0-82 

076 

0-63 

0-66 

0-57 

0*59 

Sulphur       .... 

0-02 

003 

0-04 

0-04 

0-045 

0HVI8 

MaiigHnese  .... 

078 

0-66 

0-53 

0*31 

0*25 

PbosphoruB. 

0*232 

0-248 

0*274 

0*237 

0*254 

0*271 

Specific  gravity  . 

7-01 

7-30 

7-35 

7*40 

7*47 

7-46 

*  Iron  Agt,  May  3, 1900,  p.  17 ;  Iron  and  Coal  Trade*  Review,  vol.  Ix.  pp.  947-948, 
t  Iron  and  Coal  Trades  Review,  vol.  Ix.  p.  456.  t  Ibid,,  pp.  1033-1034. 

§  Mininff  Journal,  vol  but.  p.  1061.  II  Revis^  JUinera,  vol.  U,  p,  481, 

%  American  JIfachinitt,  vpl.  ipdii  pp.  42^-^2^, 
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for  some  time  in  Belgium,  in  the  Nortli  of  France,  and  in  Grermanj, 
where  the  supplies  of  puddlers'  tap  are  now  becoming  exhaosted  In 
view  of  the  impending  exhaustion  and  high  price  of  best  paddlers*  Up 
in  Great  Britain,  basic  pig  iron  makers  have  recently  turned  their 
attention  to  these  supplies  of  phosphoric  chalk  from  the  Somm« 
district,  and  several  lots  have  already  been  bought  for  deliveiy  in  the 
United  Kingdom. 

In  Belgium  blast-furnaces  phosphoric  chalk  works  well,  and  a  com- 
parison of  furnace  burdens,  without  and  with  phosphoric  chalk,  it 
given  to  show  the  advantage  of  using  the  latter  in  preference  to 
puddlers'  tap.  These  furnaces  now  use  minette  (Luxemburg)  ore, 
mixed  with  Gellivare  (Swedish)  ore  and  phosphoric  chalk,  and  no 
puddlers'  tap  or  mill  scale.  On  the  furnace  charge  for  pig  iron  coa< 
taining  about  1*94  per  cent  of  phosphorus,  the  use  of  chalk  effected 
a  saving  of  about  sevenpence  per  ton.  The  tables  appended  show  the 
analyses  and  weights  of  the  materials  used  and  produced.* 


III.— BLAST-FURNACE  SLAG. 
Utilisation  of  Blast-Fxunace  Slag.— A  plant  for  making  sbg 

cement  and  paving  flags  has  been  put  into  operation  in  Barrow4a- 

Fumess.    Two  grinding  machines  of  American  make  are  fed  from  i 

large  hopper  capable  of  holding  two  trucks  of  slag,  and  each  turns  oct 

five  tons  hourly,  absorbing  50  horse-power.     The  ground  material  k 

bagged  without  being  touched  by  hand.     The  slag  dryer  is  a  revolving 

cylinder  40  feet  long.t 

A.  Birkt  describes  the  Konigshof  slag  cement.     The  granulated 

blast-furnace  slag  from  the  Garl-Emil  works  at  Konigshof  contains  ^— 

SiOa.  CaO.  AljO,.  MgO.  FeO.  MnO. 

26-29  49*16  18-n  2*45  1*80  0*94 

The  three  most  important  constituents  vary,  as  a  rule,  as  follows : — 

Per  Gent. 

Silica 24to27 

Lime 49  „  54 

Alamina 15  „  19 

This  slag  may  be  compared  as  regards  composition  vdth  the  slag  froD 
the  Choindez  ironworks,  which  has  found  general  application  ia 
practice  as  in  the  form  of  slag  cement.     This  slag  contains : — 

*  Pamphlet  oommnnicated  by  Mettn.  0.  E.  Mnller  k  Go.,  of  BfiddletbroogiL 

t  Iron  and  Coal  Trades  Beview,  toI.  IxL  p.  778. 

t  TeehnUche  BldUer,  1899,  Noi.  2  and  3 ;  Stakl  und  E%$m^  toL  xx«  pp.  886-S9t. 
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Another  analysis  given  by  Tetmajer  is  also  shown.  The  author  next 
considers  the  properties  of  the  Eonigshof  slag  cement  in  detail  Its 
specific  gravity  lies  as  a  rule  between  2*80  and  2*90,  and  it  is  aboat 
5  to  6  per  cent,  lighter  than  Portland  cement  Being  so  light,  it  can  be 
very  readily  brought  into  thorough  admixture  with  sand  and  water.  It 
sets  somewhat  slowly.  A  good  cement  must  not  increase  it6  volume 
during  the  setting.  An  increase  of  volume  is  especially  disadvan- 
tageous, and  the  Konigsbof  cement  gives  excellent  results  in  this 
direction,  showing  no  increase  of  volume  whatever.  The  author 
next  gives  in  detail  the  results  of  a  large  series  of  tests  of  this 
cement,  and  shows  that  it  is  generally  very  satisfactory. 

A.  D.  Elbers  *  discusses  the  use,  on  land,  of  slag  from  blast-furnaces, 
and  shows  that  when  it  is  of  a  basic  nature  it  may  be  employed  for 
liming  purposes. 

6.  Kroupaf  describes  and  illustrates  some  American  methods  for 
the  removal  of  slag,  but  these,  though  of  general  interest^  relate 
directly  to  lead  and  copper  smelting.  One  such  consists  in  the 
granulation  of  the  slag  and  its  subsequent  removal  by  a  current  of 
water. 


IN.— FOUNDRY  PRACTICE, 

Foundry  Appliances. — ^R.  Moldenke  %  shows  what  an  extensive 
field  there  is  for  the  conveyor  in  foundries.  For  sand,  coal,  coke,  and 
for  the  castings  shaken  out  of  the  moulds  it  is  especially  suitable.  It 
is  also  used  to  convey  moulds  to  the  casting  point  For  handling  pig 
iron  and  leading  it  to  the  cupola  or  reverberatory  furnace,  the  conveyor 
is  not  well  adapted  except  in  special  instances 

J.  A.  Murphy  §  discusses  some  of  the  points  which  tend  towards 
good  work  in  foundry  management,  especial  reference  being  made  to 
good  lighting,  appliances,  material  and  labour. 

Illustrations  have  been  published  ||  to  show  the  main  foundry, 
cupolas,  and  charging  floor,  and  a  moulding  pit  at  Cramp  &  Sons' 
foundry,  Philadelphia.  The  floor  area  is  37,920  square  feet,  with  9000 
feet  of  gallery  space.    Two  50-ton  electric  travelling  cranes  command 

•  American  Manufacturer,  voL  Ixvii.  pp.  276-277. 

t  Oeiterreichische  Zeitachrift  fUr  Berg-  und  ffUUenwesen,  toL  zlTtii.  pp.  31-33,  with 
uuraeroui  illastratioas. 
X  Iron  Trade  Review,  Jane  14. 1900.  p.  26. 

§  JoumtU  of  tfie  Ameriean  Foundrymen't  A$9ociation,  vot.  ix.,  Part  L,  pp.  17-24. 
11  Iron  Trade  Review,  June  14,  1900,  pp.  8-9. 
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vertically,  are  used,  and  are  rammed  in  a  vertical  position  by  hand  or 
by  machinery.  Small  pipes  are  usually  moulded  socket  up,  but  pipes 
over  10  inches  in  diameter  are  moulded  with  the  socket  at  the  bottom* 
The  moulds  are  dried  from  the  inside  by  air  passing  through  them 
as  they  are  placed  vertically  in  the  oven.  The  cores  are  made  by 
wrapping  hayband  on  a  steel  core  bar,  and  then  coating  it  with  day 
which  is  subsequently  blacked.  Collapsable  core  bars  and  other 
substitutes  for  hayband  have  not  answered.  Cupola-melted  iron  is 
used  for  casting.  The  pipes  are  cooled,  stripped,  the  core  knocked  out, 
and  the  fins,  &c.,  cleaned  off,  after  which  the  pipes  are  coated  and 
then  tested.  Thin  soil  pipes  are  cast  on  the  side  in  greensand  with 
greensand  cores. 

C.  A.  Meissner  *  gives  a  specification  for  pipes  used  by  the  British 
Admiralty  and  others,  and  generally  deals  with  various  points  arising 
in  their  manufacture  and  use. 

Oast  Iron  for  Hydraulic  Castings.— B.  P.  Cunningham  t  dis- 
cusses the  mixing  and  melting  of  iron  for  hydraulic  castings,  and 
advocates  mixtures  containing  1*20  to  1*50  silicon,  0*60  to  0*80  phos- 
phorus, 0*40  to  0*60  manganese,  and  sulphur  as  low  as  possible,  in 
order  to  obtain  close-grained  castings,  which  will  prevent  water  under 
pressure  from  coming  through.  Care  in  the  use  of  scrap  and  the 
use  of  plenty  of  fuel  is  requisite. 

Ohilled  Rolls. — The  manufacture  and  care  of  chilled  rolls  is 
dealt  with  in  a  recent  article.}  Uniformity  of  composition  and  careful 
selection  of  material  is^very  necessary,  and  great  care  is  requisite  to 
get  a  chill  of  uniform  depth.  The  metal  is  generally  melted  in  air 
furnaces,  and  cast  from  below  in  vertical  chill  moulds,  with  sand  at 
the  necks  and  wobblers.  Until  recently,  nearly  all  the  tinplate  rolls 
in  the  United  States  were  24  inches  in  diameter,  and  generally  36 
inches  or  38  inches  long.  The  rolls  used  in  the  first  tinplate  works  in 
the  United  States  were  smaller  than  this,  and  those  used  in  Wales 
were  still  smaller,  the  Welsh  rolls  being  from  16  inches  to  18  inches  in 
diameter,  and  correspondingly  short.  Now  a  great  many  tinplate 
rolls  in  the  United  States  are  20  inches  in  diameter,  and  from  40 
inches  to  44  inches  in  length.     The  life  of  the  roll  is  then  dealt  with, 

*  Journal  of  the  Mining  Soeietp  of  Nova  Scotia^  vol.  t.  pp.  47-54. 

t  Jourtuil  of  the  American  Foundrymen't  A$$ociation,  voL  ijt.  pp.  36-40. 

t  Iron  and  Coal  Trader  Beview,  voL  Ixi.  pp.  416-418. 
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Combined 

Oraphitie 

Carbon. 

Carbon. 

SL 

Mn. 

S. 

P. 

2-60 

072 

071 

Olio 

0-045 

0-039 

0-82 

275 

073 

0108 

0-04 

0-039 

The  presence  of  silicon  is  necessary  for  the  change  of  the  carbon  to 
be  effected.  When  it  is  absent  there  is  practically  no  alteration, 
however  long  the  heating  may  be  continued.  Manganese  also  has 
an  effect^  which  is,  however,  often  masked  by  that  of  the  silicon  which 
it  protects  from  oxidation  rather  than  acting  directly  on  the  carbon 
like  silicon.  Iron  low  in  silicon  and  manganese  is  practically  worth- 
less after  annealing,  as  it  is  deficient  in  tenacity  although  it  is  softened. 
The  carbon  is  changed  to  what  Ledebur  terms  graphitic  temper  carbon. 
When  it  is  not  fully  developed  by  over-annealing,  it  passes  easily  into 
the  hardening  condition. 

H.  O.  Evans  *  discusses  the  shrinkage  of  malleable  iron  castings. 
The  contraction  in  the  casting  is  taken  as  ^inch  per  foot,  but  during 
annealing  expansion  takes  place  to  a  variable  amount,  depending  on 
the  dimensions  and  on  the  time  and  temperature  of  annealing.  Seme 
general  rules  are  given,  but  practical  experience  is  the  only  true  guide 
for  the  determination  of  the  amount. 

A  note  has  appeared  f  giving  the  distribution  and  names  of  the 
firms  making  malleable  castings  in  the  United  States,  and  also  some 
general  remarks  on  the  manufacture. 

*  Paper  read  before  the  Foundrymen**  Association,  April  4. 1900 ;  Iron  TVade  Beview^ 
April  5,  1900.  p.  7. 
t  Enffifieerinff  and  Mining  Journal^  vol.  Izx.  pp.  275-276. 
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purposes,  and  of  lime  and  silica  for  fluxing.  The  ore  and  these  addi- 
tions are  made  into  a  paste  by  the  addition  of  some  5  to  10  per  cent, 
of  tar,  and  subsequently  pressed  into  briquettes.  It  is  with  these 
briquettes  that  the  furnace  is  charged.  In  one  experiment  quoted 
there  was  produced  in  35  minutes  17|  lbs.  of  iron,  at  an  expenditure 
of  a  little  more  than  one  hour  horse-power  per  pound  of  iron  made. 

John  B.  C.  Kershaw*  also  describes  the  Stassano  process  for  the 
production  of  iron  and  steel,  which  is  being  tried  in  Italy,  and  dis- 
cusses the  economy  of  the  electric  current  when  used  for  heating. 

History  of  Iron. — The  question  when  iron  was  first  used  was  dis- 
cussed by  the  celebrated  Swedish  arcbseologist  Montelius  at  the  thirty- 
first  general  meeting  of  the  German  Anthropological  Society  at  Halle. 
Formerly  it  was  generally  believed  that  iron  was  not  employed  in  the 
North,  Scandinavia  and  North  Germany  until  a  very  late  date,  about 
900  A.D.,  and  even  within  the  last  thirty  years  it  has  been  thought 
that  iron  could  not  have  been  used  in  Scandinavia  before  300  A.D.  In 
Southern  countries,  however,  iron  was  known  at  an  extraordinary  date. 
This  was  notably  the  case  in  Egypt,  for  it  cannot  be  imagined  that 
huge  buildings,  like  the  pyramids,  could  have  been  built  without 
tools.  Montelius  is  of  opinion  that  in  Egypt  iron  was  not  used  before 
the  middle  of  the  twentieth  century  B.O.  This  view  is  supported  to  a 
certain  extent  by  the  new  discoveries  made  by  Flinders  Petrie.  One 
of  the  graves  investigated  by  him  dates  back  to  3000  B.C.  In  neither 
case  was  there  a  trace  of  iron  discovered.  Moreover,  in  Greece  the 
earliest  occurrence  of  iron  was  in  the  fourteenth  century  B.a  In  view 
of  the  close  relations  with  Egypt^  so  late  a  use  of  iron  is  inconceivable, 
if  iron  had  been  known  in  Egypt  for  thousands  of  years.  Montelius 
concludes  that  iron  appeared  in  Central  Italy  with  the  Etruscans  about 
the  year  1100  B.C.  In  Northern  Europe  it  appeared  soon  afterwards. 
For  example,  it  is  found  in  the  pile  dwellings  in  Switzerland  con- 
temporaneously with  bronze,  and  consequently  for  Switzerland  and 
South  Germany  the  tenth  and  ninth  century  B.C.  may  be  taken  as  the 
starting-point  of  iron.  Farther  north,  in  a  grave  in  Bomholm,  iron 
dating  from  1200  A.D.  has  been  found. 

*  Electrical  Beview,  June  15, 1900. 
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front  of  the  finishing  train  nsed  18  horse-power  running  idle,  and  the 
power  increased  to  122  horse-power  at  the  end  of  the  operation,  which 
took  327  seconds.  Similarly  on  the  live  rolls  in  front  of  the  roughing 
rolls  the  power  ranged  from  15  to  92  horse-power.* 

O.  Laschef  describes  the  copper  rolling-mill  at  the  Oberspree  cable 
work^  near  Berlin,  where  the  roughing  and  finishing  trains  are  driven 
by  electromotors.  The  former  has  four  stands,  and  is  driven  at  108 
revolutions  per  minute  by  a  three-phase  motor  through  rope  gearing. 
This  motor  gives  200  horse-power  at  380  revolutions,  taking  current 
at  500  volts.  The  finishing  rolls  in  seven  stands  are  driven  direct  by 
a  400  horse-power  motor,  at  420  revolutions,  a  flywheel  being  provided. 
In  eleven  hours  27  tons  of  wire  are  rolled  from  bars  12 '4  square  inches 
in  sectional  area,  and  weighing  130  lbs.  each ;  the  wire  produced  being 
0*275  inch  in  diameter.  The  mill  has  been  at  work  for  eighteen 
months.  The  author  then  discusses  the  size  of  three-phase  motors 
required  for  rolling-mill  work. 

Modem  Rolling-Hills. — E.  Weber  ^  discusses  the  arrangements 
of  modem  rolling-mill  plant,  and  makes  suggestions  as  to  the  ways  in 
which  these  could  be  improved.  Some  comments  have  appeared  §  on 
the  design  of  roll-bearings  and  their  lubrication.  The  researches  of 
R.  Job  II  on  bearing  metals  are  especially  mentioned. 

Ehrhardt  H  discusses  some  points  connected  with  modem  rolling-mill 
practice,  considered  especially  with  modem  efforts  to  roll  an  ingot 
at  one  heat  to  the  greatest  possible  length.  Some  modem  forms  of 
mills  are  dealt  with. 

P.  Eyermann**  describes  some  modern  American  rolling-mill  plants. 
These  include  one  at  Duquesne,  Pennsylvania,  and  a  modem  plate- 
mill  at  Homestead,  Pennsylvania.  An  older  one  at  the  latter  place 
for  large  sections  is  also  described. 

P.  Eyermann  ft  describes  a  continuous  rolling-mill  erected  at  Youngs- 
town,  Ohio.  According  to  the  shapes  rolled,  it  can  make  up  to  600 
tons  output  daily,  starting  with  small  billets,  and  rolling  them  to 
hoop-iron  used  in  binding  cotton  bales. 

•  Iron  and  Coal  Trades  Review,  vol.  IxL  p.  314. 

t  Techniscfu*  Centralblatt ;  Electrician^  vol.  xlv.  pp.  G98-702. 

X  Stahl  und  Ei$en,Yo\.  xx.  pp.  421-424,  with  three  illiutmtioiu. 

§  Iron  and  Coal  Trades  Review,  vol.  Ixi.  pp.  774-776. 

I)  Journal  of  the  Franklin  Institute,  voL  cxUx.  pp.  439-450. 

H  Stahl  und  Eisen,  vol  xx.  pp.  871-874,  with  five  iUastrationt. 

••  Ibui.,  pp.  730-737,  with  five  illustration*. 

ft  Ibid.,  pp.  982-984,  with  an  iUostration. 
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contents  in  an  unknown  state,  sometimes  fluid,  semi-fluid,  pasty,  or 
granular,  pasised  to  the  blooming-mill  .  and  reduced  from  16  or  18 
inches,  an  average  modem-sized  ingot,  having  288  square  inches  of 
area,  to  a  bloom  8  inches  square,  having  64  square  inches  of  area, 
which  is  a  reduction  of  224  square  inches  in  11  passes,  or  20*4  square 
inches  of  reduction  to  each  pass,  instead  of  11*3  as  formerly,  which  is 
nearly  100  per  cent,  faster ;  in  addition  to  which  the  train  is  now-a-days 
driven  at  a  higher  rate  of  speed  than  formerly.  The  8  by  8  inch 
bloom  thus  produced  is  not  allowed  to  cool,  but  is  charged  into  a  heat- 
ing furnace  and  held  hot,  or  in  some  cases  proceeds  without  further 
heating  direct  to  the  rail-mill,  where  it  is  reduced  to  a  70-lb.  rail  in 
nine  passes  instead  of  13,  by  rolls  running  900  feet  per  minute, 
instead  of  400  as  formerly,  which  is  over  60  per  cent  more  rapid 
reduction,  pass  for  pass,  leaving  out  of  consideration  the  speed  at 
which  it  is  done,  which  has  an  important  bearing  on  the  final  result 
Owing  to  all  this  haste,  the  rails  finish  at  a  high  temperature,  and  the 
heads  practically  anneal  and  soften  on  the  cooling  beds.  As  the  size 
increases,  the  difficulty  of  controlling  the  finishing  temperature  also 
grows,  and  it  has  been  suggested  that  the  rails  should  be  passed 
through  an  additional  furnace  to  equalise  the  temperature  in  the  bead 
and  foot  before  the  finishing  passes,  and  thus  to  ensure  a  proper 
finishing  temperature. 

Nickel  steel  railway  rails  have  been  rolled  for  the  Pennsylvania 
Bailroad  Company,  and  laid  on  the  west  track  of  the  famous  horse- 
shoe curve  near  Altoona.  A  letter  from  W.  H.  Brown,*  the  chief 
engineer  of  the  Company,  gives  the  following  details  of  this  installa- 
tion. The  order  for  300  tons  of  3  per  cent  steel  rails  was  placed 
with  the  Carnegie  Steel  Company  on  June  26,  1899.  The  steel  was 
made  by  the  Bessemer  process,  and  the  rail  was  rolled  to  the  100  lbs. 
Am.  Soc.  C.  E.  section.  In  rolling,  the  nickel  content  caused  "red 
shortness  "  to  such  an  extent  that  the  rolling  resulted  in  only  220  tons 
of  No.  1  and  57  tons  of  No.  2  rails,  and  19  tons  of  the  latter  had 
to  be  thrown  away  because  of  piping.  The  average  analysis  was  as 
follows : — Carbon,  0  504  per  cent. ;  phosphorus,  0*094  per  cent ;  man- 
ganese, 1  per  cent ;  and  nickel,  3*22  per  cent  Under  the  straighten- 
ing presses  the  rails  showed  great  rigidity,  twice  the  force  ordinarily 
used  being  required  to  accomplish  the  cold  straightening,  and  often 
the  rail  would  spring  back  to  its  former  position  after  being  struck. 
In  drilling,  the  hardness  was  even  more  marked,  in  some  cases  five 

*  Bailroad  OazeUe»  yoL  xxxii.  p.  195 ;  Engineering  Newi,  voL  xUii  p.  217. 
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t^TffS  CARBURISATION  OF  MALLEABLE  IRON. 

Direct  Production  of  SteeL — The  Rudolphs-Landin  method  for 
producing  steel  direct  from  the  ore  is  described  in  a  recently  published 
pamphlet*    The  ore,  in  a  more  or  less  fine  state  of  division,  is  mixed 
with  carbonaceous  and  binding  material,  and  also  with  any  fluxing  ma- 
terial that  may  be  required.     The  mixture  is  compressed  into  briquettes 
and  passed  through  a  long  furnace,  in  which  they  are  first  dried,  and  then 
the  oxide  of  iron  is  reduced  to  a  sponge  of  metallic  iron.    The  reduced 
briquettes  are  then  dropped  direct  into  a  bath  of  molten  metal,  which  i 
is  kept  covered  with  slag.     Preferably  a  20-ton  tilting-fumace  is  used,, 
and  a  portion  of  the  bath  is  withdrawn  at  intervals  of  about  four  hours. . 
This  metal  is  transferred  by  a  ladle  to  a  steel  furnace  of  the  open-hearth . 
type,  and  there  finished.     A  sketch  plan  of  the  suggested  plaBt  is. 
given,  while  the  thermal  requirements  and  possible  advantages  of  the  .^ 
process  are  discussed  by  H.  Tholander  and  P.  Hord^n.t 

The  Sands  Employed  in  Casting  Steel.— A.  Gorouxt  describes 

the  sands  used  iu  casting  steel.  Among  the  natural  materials  used  for 
this  purpose  the  author  enumerates,  in  the  first  instance,  powdered 
quartz,  obtained  by  heating  quartz  to  a  high  temperature  and  then 
plunging  it  into  cold  water.    After  such  treatment  it  can  be  readily 

*  A  copy  ii  io  the  Library  of  the  Iron  and  Steel  Inttitute. 
t  TeknUk  Tidikrift,  Yol.  xxx.  pp,  60-64. 
X  BulUUn  Technoloffique^  1900,  pp.  816-82a 


Hft*MM-»   m 


522  THE  IRON  AND  STEEL  INDUSTRIES. 

regards  special  steels,  but  our  knowledge  at  present  with  regard  to 
this  matter  is  defective.  As  stated  before,  in  the  special  steels  carbon, 
to  a  certain  degree  is  always  also  present  With  manganese  steel  it 
is  found  that  the  critical  points  of  the  alloy  vary  with  the  varying 
proportions  of  these  two  constituents,  and  the  presence  of  manganese 
retards  the  magnetic  transformation  and  lowers  the  point  of  recal- 
escence.  In  nickel  steel  the  addition  of  5  per  cent  of  this  metal  to 
carbon  steel  lowers  the  point  of  recalescence  300*".  The  phenomenon 
of  hysteresis  in  the  case  of  nickel  steels  assumes  an  abnormal  and 
excessive  character.  With  4  per  cent,  there  is  a  difference  of  100*. 
These  steels,  therefore,  are  termed  "irreversible"  alloys.  In  chrome 
steel  carbon  is  always  present  to  a  relatively  considerable  extent,  and 
the  critical  points  are  found  to  correspond  to  those  of  carbon  steeL 
The  same  remark  holds  good  with  regard  to  tungsten  steel.  When 
the  latter  is  suddenly  cooled  at  a  temperature  above  the  critical  point, 
it  presents  the  properties  of  hardened  or  tempered  steel.  In  silicon 
steel  the  constant  presence  of  manganese  prevents  us  judging  the 
influence  of  silicon  on  the  critical  point.  The  manufacture  of  the 
special  steels  in  large  quantities  in  the  open-hearth  furnace  is  attended 
with  many  difficulties — notably  in  the  case  of  chromium,  which  oxi- 
dises at  a  high  temperature ;  hence  metal-work  with  a  higher  percentage 
than  3  is  not  melted.  Such  is  the  composition  of  the  chrome  nickel 
steel  used  for  ordnance  or  armour  plates.  Silicon  steel  is  employed 
by  many  works  for  making  springs.  Bessemer  metal  is  welded 
easily,  and  has  a  temperature  200°  or  300*"  higher  than  open-hearth 
steel,  so  that^  with  the  aid  of  a  converter  of  a  capacity  of  one  or 
two  tons,  founders  have  succeeded  in  producing  castings  weighing 
from  four  to  five  tons — by  accumulating  the  charges  in  a  receiver. 
With  a  converter  of  twelve  tons,  castings  up  to  thirty  tons  could,  if 
required,  be  easily  made.  The  manufacturers  of  machinery,  bicycles, 
motor-cars,  &c.,  demand  from  the  steel-foundries  thousands  of  small 
pieces  which  formerly  were  forged  or  made  of  cast  iron.  The  industry 
of  steel  bells  has,  indeed,  not  developed,  since  they  conflict  with  the 
tradition  that  bells  should  be  of  bronze,  nevertheless  the  former  are 
cheaper  and  more  solid,  and,  above  a  certain  weight,  comparable  with 
the  latter  in  tone.  The  Alexander  III.  bridge  at  the  Paris  Exhi- 
bition is  constructed  of  cast  steel  In  engineering,  the  application  of 
steel  plates  for  hydraulic  cylinders,  boilers,  &c.,  is  extensive;  steel 
shafts  are  now  cast  as  strong  as  those  of  forged  steel ;  machine  frames 
and  steam-cylinders  twice  as  light,  twice  as  strong,  as  cast  iron ;  geared 
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States.  To  Buch  a  mixer  additions  of  scrap,  spiegeleisen,  and  other 
varieties  of  pig  iron  can  be  made  in  the  solid  state  without  any  dele- 
terious effect.  An  automatic  registering  pyrometer  gives  the  exact 
temperature  of  the  escaping  products  of  combustion,  air  and  gas  being 
thus  completely  under  control.  While  the  ordinary  charge  for  a  con- 
verter a  few  years  ago  was  7  to  12  tons,  now-a-days  charges  of  from 
12  to  20  tons  are  preferred.  Large  charges  mean  greater  uniformity 
of  product.  The  converters  themselves,  and  their  linings  and  bottoms, 
have  of  late  years  been  very  greatly  improved.  The  author  considers 
the  addition  of  ferro-manganese  in  the  ladle  not  to  be  a  satisfactory 
method  of  making  such  addition.  It  is  not  necessary,  either,  to  allow 
metal  to  stand  in  the  ladle  before  casting.  A  thorough  admixture  has 
been  ensured  by  the  pouring  of  the  metal  from  the  converter  into  the 
ladle.     The  author  has  proved  this  by  a  number  of  comparative  assays. 

A  series  of  curves  are  shown  relating  to  a  100-ton  mixer  used 
for  pig  iron.  The  phosphorus  showed  on  standing  a  diminution  of 
0*02  per  cent,  with  metal  containing  about  1*8  to  2  per  cent,  of 
phosphorus;  a  loss  of  0*03  per  cent,  of  silicon  with  metal  containing 
about  0*15  to  0*5  per  cent,  of  silicon;  while  the  sulphur  diminished  by 
about  0*04  per  cent,  the  original  metal  containing  mostly  less  than  0*1 
per  c^nt. 

In  dealing  with  the  open-hearth  process  the  author  considers  the 
introduction  of  movable  furnaces  to  have  been  a  marked  improvement. 
He  also  deals  with  the  duration  of  the  charge  in  the  furaace,  and 
recommends  rapid  working.  Kollingmills  and  soaking-pits  are  re- 
ferred to,  and  methods  of  casting  steel  considered.  The  liquation 
within  the  ingot  and  the  heads  in  casting  are  briefly  mentioned.  The 
liquation  takes  place  more  readily  and  completely  in  lai^er  ingots. 
A  slight  acidition  of  silicon  or  aluminium  tends  to  prevent  the 
liquation.  Great  stress  is  laid  by  the  author  on  the  value  of 
etching  tests.  The  value  of  properly  theoretically  trained  individuals 
in  controlling  the  work  of  the  practical  man  is  also  shown.  The 
author  next  considers  the  influence  exerted  by  various  elements,  such 
as  silicon,  oxygen,  and  phosphorus.  Oxygen  he  considers  to  be  a 
far  more  dangerous  enemy  to  steel  than  is  phosphorus.  A  lengthy  and 
important  discussion  ensued  on  the  reading  of  this  paper. 

The  Tilting  Open-Hearth  Furnace.— H.  M.  Howe,*  on  the 
authority  of  S.  T.  Wellman,  states  that  a  fore-hearth  or  casting-shoe 

•  The  Mineral  Induttry,  vol.  viil  pp.  878-579. 
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that  in  the  former.  It  is  this  that  has  probably  caused  the  Bessemer 
process  to  hold  its  own  so  well.  The  author  illustrates  a  form  of 
combined  converter  and  tipping  open -hearth.  This  consists  of  a 
tipping  open-hearth  provided  with  tuyeres  at  the  side.  When  it  is 
desired  to  subject  the  pig  iron  to  a  preliminary  treatment  for  the  open- 
hearth  method,  the  furnace  is  tipped  so  as  to  allow  the  blast  entering 
through  the  tuyeres  from  the  blast-furnace  main  to  come  into  action. 
The  furnace  can  be  subsequently  turned  up  again,  thei  blast  stopped, 
and  the  ordinary  open-hearth  method  be  proceeded  with. 

The  Oontinuons  Open-Hearth  Process. — H.  M.  Howe^  describes 

the  Talbot  process,  and  discusses  its  various  features  in  some  detail 
under  the  following  headings : — The  furnace,  procedure,  advantages, 
waste  in  melting  down,  maintenance  of  sides,  bottoms,  and  roof,  wider 
range  for  composition  of  pig  iron,  rapidity  of  operation  and  re-phos- 
phorisation.     The  Bertrand-Thiel  process  is  also  compared. 

Verney  t  also  describes  the  Talbot  open-hearth  steel  process. 

In  a  letter  recently  published  X  a  comparison  is  made  between  the 
two  processes,  the  Bertrand  and  the  Talbot.  Both  deal  effecuvely 
with  molten  pig  iron,  and  rely  for  successful  operation  on  reduction 
of  iron  ore  by  means  of  the  metalloids  in  the  pig  iron.  For  the  capital 
involved,  the  Bertrand  process  seems  to  produce  a  good  deal  of  steel ; 
from  the  figures  available  nearly  three  times  as  much.  The  labour 
cost  therefore  is  less.  The  Bertrand  process  produces  a  highly 
phosphoric  slag,  which  is  valuable,  while  the  Talbot  process  produces 
a  lean  slag,  which  is  not  of  great  value.  Tlie  Bertrand  process  shows 
a  gain  of  2  to  3  per  cent,  in  yield  on  materials  charged,  while  the 
Talbot  process  shows  a  gain  of  5  to  6  per  cent.  The  Bertrand  process 
admits  of  the  use  of  the  fore-hearth,  recently  so  successfully  introduced 
in  America,  which  obviates  the  necessity  of  the  costly  and  treacherous 
ladles  and  stoppers.  The  Talbot  process  necessitates  the  ase  of  a 
ladle.  On  the  other  hand,  the  Bertrand  process  delivers  its  full  charge 
at  once  to  the  mills,  while  by  manipulation  the  Talbot  process  can  give 
a  more  continuous  supply  of  ingots.     Further  discussion  has  ensued. 

Joseph  Hartshorne  §  gives  some  further  notes  on  the  Bertrand-Thid 
process. 

*  The  Mineral  Indwtry,  voL  viii.  pp.  368-378. 

t  Comptes  Bendua  MentueU  de  la  SociiU  de  Plnd^utric  BfiniraU,  1900,  i^  €3-€&. 

t  Iron  and  Coal  Trades  Beview,  vol.  Ixi.  pp.  178,  211. 

§  Transactioni  oftfie  American  Institute  of  Mining  Engineers,  Febmaiy  190a 
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Australian  Steel  Plant. — It  is  stated  *  that  the  first  open-hear^ 
steel  furnace  in  New  South  Wales  was  started  on  April  26,  1900,  at 
the  Eskbank  Works,  Lithgow.     It  is  a  5-ton  furnace. 

New  American  Open-Hearth  Plant. — ^Plans  and  illustrations 

have  appeared  t  of  a  new  open-hearth  plant  at  Newbnrg,  Ohio.  A 
similar  plant  has  also  been  erected  at  Worcester,  Massachusetts.  One 
clear  span  54  feet  wide  and  391  feet  long  covers  four  Wellman  tilting 
furnaces  and  leaves  room  for  a  fifth,  while  a  lean-to  35  feet  wide 
covers  the  charging  floor.  Each  furnace  has  a  capacity  of  50  tons. 
Two  lines  of  crane  girders  carry  two  ladle  cranes  each  of  75  tons 
capacity,  and  the  furnaces  can  be  poured  into  the  ladle  or  through  a 
ifore-hearth  into  the  moulds  direct.  The  cranes  also  command  the 
furnaces,  so  that  the  removable  ports  can  be  readily  charged.  The 
charging  platform  carries  four  lines  of  rails  for  the  charging-box 
trolleys  and  the  Wellman  charging  machine.  In  the  rear  is  a  line  of 
fourteen  gas  producers  12 J  feet  in  diameter. 

F.  Liirmann,  jun.,]:  describes  the  Apollo  Open-Uearth  Steelworks 
and  rolling-mills  situated  at  Poulton,  near  Pittsburgh.  This  wmk 
possesses  three  30-ton  acid  open-hearths,  the  steel  from  which  is  rolled 
into  sheets.     It  contains  : — 

Carbon.  Manganese.  Silicon.  Phosphoma. 

0115-0130  0-3O-0-36  0-24-0-25  0-064-O112 

At  the  time  of  the  author's  visit  in  November  1898,  these  works,  h« 
says,  were  generally  considered  to  be  the  best  arranged  of  their  kind 
in  the  United  States.  He  describes  them  in  detail  with  the  aid  of 
numerous  illustrations. 

An  illustrated  detailed  description  of  the  open-hearth  steel  plant  of 
the  Alabama  Steel  and  Shipbuilding  Company  at  Ensley,  Alabama, 
has  been  published.§ 


III.— THE  BESSEMER  PROCESS. 

The  Working  of  Bessemer  Converters.— In  the  annual  report  of 
the  Chief  Inspector  of  Factories  and  Workshops,  a  report  by  H.  P. 

*  Sydney  Morning  Herald^  April  26,  1900.  through  the  Iron  and  Coal  Trada  Heviem^ 
voL  Ix.  p.  1137. 

t  Iron  Trade  Review,  July  5,  1900.  pp.  12-14. 

X  Zeittchrift  des  Vereines  deutseher  Ingenieure,  voL  xliv.  pp.  1824-1327.  with  12 
iUustratioDB. 

§  Iron  Trade  Beview,  August  23.  1900,  pp.  11-14. 
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eight  years  ago  by  Chang-chi-Tuog,  under  the  auspices  of  the  Chinese 
Government.  It  lies  on  the  banks  of  the  Yangtse,  and  within  easy 
reach  of  the  Taye  mines,  from  which  the  ore  is  brought  by  a  fifteen- 
mile  railway  to  a  point  on  the  river  only  forty-five  miles  from  Han- 
yang. The  ore  deposits  at  Taye  are  extensive,  and  the  quality  is 
excellent,  the  ore  being  mostly  magnetic,  and  containing  on  an  average 
63  per  cent,  of  iron  and  only  0*05  to  0  08  of  phosphorus.  The  Japanese 
are  now  resorting  to  these  mines  for  the  supply  of  ore  for  the  steelworks 
at  Wakamatsu,  near  Moji,  Japan.  The  chief  drawback  at  Han-yang 
is  the  scarcity  of  coke,  though  an  enormous  quantity  of  good  coal  can 
be  obtained  in  or  near  the  Yangtse  Valley.  The  plant  comprises  a 
blast-furnace  equipment,  puddling  furnaces,  and  rolling-mills,  two 
Bessemer  steel  converters,  aii  open-hearth  plant,  rail-mills,  machine 
shops,  foundry,  &c.,  fairly  complete  and  modem  in  most  respects  at 
the  time  of  installation.  The  two  blast-furnace  stacks  are  64  feet 
high.  With  good  coke  these  furnaces  will,  it  is  claimed,  produce  ^m 
75  to  80  tons  each  per  day,  but  as  the  coke  ordinarily  used  is  poor, 
the  average  production  is  not  over  60  tons.  There  are  twenty  single 
puddling  furnaces  of  the  usual  size,  and  built  in  groups  of  four,  the 
waste  gases  being  used  to  heat  a  vertical  boiler.  Five-hundredweight 
charges  are  treated  in  each,  and  the  blooms  are  worked  under  two 
3-tou  steam-hammers,  and  passed  through  a  20-inch  train  of  roughing 
rolls.  Sheet-mills  are  supposed  to  be  included  in  the  plant,  but  do  not 
appear  to  be  in  operation.  The  two  Bessemer  converters  are  of  5  tons 
each,  and  there  is  one  12-ton  open-hearth  furnace  of  ordinary  construction 
supplied  by  four  Wilson  gas-producers.  The  rail-mills  are  of  no  special 
interest     The  foundry  has  a  20-ton  travelling  crane  and  three  cupolas. 

The  Manufacture  of  Basic  Slag.— A  report  by  H.  P.  Smith  upon 
the  conditions  attending  the  crushing  of  basic  slag  appears  in  the 
report  of  H.M.  Chief  Inspector  of  Factories  and  Workshops,  from 
which  it  appears  that  the  crushing  is  done  by  one  of  the  following 
systems: — (1)  In  Krupp  ball,  otherwise  known  as  "Herm  Lohnert," 
mills.  (2)  By  the  edge-runner  system.  (3)  By  ball-mills,  with  cylin- 
drical pebble  mills  used  as  auxiliaries.  (4)  By  a  combination  of  edge- 
runners,  rollers,  and  separators.  The  effect  of  the  recommendations 
made  by  the  Dangerous  Trades  Committee  are  dealt  with  at  some  length. 

Cupola  Practice  in  Bessemer  Steelworks— According  to  S. 

M.  Rogers,*  there  is  no  essential  difference  in  the  construction  of  the 

*  Journal  of  the  American  Foundrymen's  Astoeiationf  toL  ii.  Part  L  pp.  40-46. 
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The  Manufacture  of  Steel  Castings.— In  a  paper  read  at  the 

Paris  International  Congress  on  Mining  and  Metallurgy,  A.  Tissot* 
deals  with  the  present  condition  of  the  manufacture  of  steel  castings. 
It  is  fifty  years  since  the  first  steel  castings  were  made,  but  until  quite 
recently  the  production  was  very  limited,  owing  to  the  difficulty  of 
obtaining  the  liquid  metal  in  sufficient  quantities  for  making  very 
large  castings.  Attempts  were  made  at  the  time  of  their  first  appear- 
ance to  utilise  the  Bessemer  converter  and  the  open-hearth  fiimace, 
but  not  with  good  results.  About  1885  Robert  invented  his  converter 
with  side  blast,  which,  applied  to  the  casting  of  steel,  enabled  the 
works  to  produce  complicated  castings  of  excellent  quality,  and,  in 
fact,  created  a  new  industry,  for  the  sphere  of  their  utility  has  been 
extending  ever  since.  Many  difficulties  have,  however,  had  to  be 
surmounted  by  the  steel-founders,  and  it  is  only  in  virtue  of  their 
perseverance  and  iugenuity  that  the  new  craft  has  become  a  success. 
The  melting-point  of  steel  is  very  high,  ranging  from  1450'  to  1500* 
C,  and  in  working  the  metal  still  higher  temperatures  are  employed. 
This  high  melting-point,  and  the  contraction  which  steel  undergoes 
when  it  cools,  were  the  source  of  much  vexation  to  the  steel-founder. 
This  shrinkage  amounts  to  from  1*5  to  1*8,  or  even  2*0  per  cent, 
according  to  the  heat  and  composition.  If  the  mould  offers  too 
great  a  resistance  to  this  contraction,  there  is  a  risk  of  the  casting 
cracking  or  becoming  crooked.  The  third  source  of  anxiety  was 
the  appearance  of  fiaws,  because  it  is  necessary  that  a  steel  casting 
should  be  perfectly  sound.  The  united  efforts  of  the  manufacturers 
of  steel  and  of  the  founders  have,  however,  overcome  every  difficulty. 
After  many  experiments,  it  was  discovered  how  to  prepare  a  suitable 
refractory  sand,  capable  of  withstanding  the  intense  heat  of  the  molten 
*  Iron  and  Coal  Trades  Review^  vol.  Ix.  pp.  1228-1229. 


• 


534  THE   IRON  AND  STEEL  INDUSTRIKS. 

for  castings,  and  only  rarely  are  ingots  run  from  them.  The  converter, 
with  the  lateral  blast  of  Robert,  or  its  imitations,  has  now  come  into 
general  use,  and  seems  to  satisfy  all  the  remaining  requirements  of  the 
steel-founder.  Owing  to  the  peculiar  arrangement  of  the  tuyeres,  the 
output  can  be  varied  from  0*8  to  2  tons,  or  from  3  to  4  tons  in  the 
two  types  of  the  apparatus  in  use.  The  metal  is  milder  than  that 
produced  by  the  open-hearth  furnace.  It  possesses  great  power  of 
resisting  shocks  and  a  degree  of  elasticity  which  attains  69*8  tons  per 
square  inch ;  it  is,  therefore,  naturally  well  adapted  for  war  material 
and  marine  purposes.  Nickel  steel  with  varying  proportions  of  the 
first-named  metal  is  now  also  largely  manufactured  for  armour-plates, 
artillery,  &c.  The  first  special  steels  which  were  introduced,  such 
as  chrome  and  manganese  steel,  did  not  produce  any  greater  diffi- 
culties in  working  than  ordinary  steel  The  conditions  in  forging 
tempering,  and  annealing  were  much  the  same  as  in  carbon  steel. 
Later  varieties,  notably  those  with  a  large  admixture  of  nickel, 
owing  to  their  extraordinary  properties,  presented  difficulties  of  a 
formidable  nature.  Certain  steels  at  the  temperature  at  which 
carbon  steel  can  be  forged  become  hard.  In  others,  the  process  of 
annealing  seems  to  have  an  action  the  very  reverse  of  that  it  has 
on  ordinary  steel,  and  so  forth.  It  required  innumerable  experi- 
ments and  much  scientific  research  to  arrive  at  suitable  methods 
of  working  the  new  alloys.  According  to  the  theory  of  Curie,  steel 
should  be  tempered  when  it  is  in  a  feeble  magnetic  condition  at  a  high 
temperature.  The  determination  of  the  point  of  magnetic  transforma- 
tion would  be  sufficient,  therefore,  in  any  case,  to  determine  the  tem- 
perature suitable  for  tempering.  Before  the  new  alloys — ^notably 
nickel  steel — could  be  introduced  into  practical  industry,  many  diffi- 
culties had  to  be  overcome,  owing  to  their  extreme  hardness,  which 
the  drills,  the  cutters  of  the  planing  machine,  &c.,  could  not  attack. 
However,  by  annealing  the  metal  and  the  use  of  specially  made  tools, 
and  by  working  at  a  reduced  speed,  the  trouble  has  been  overcome. 
The  metal  adopted  at  the  works  of  Imphy  for  machine  tools  is 
chrome  tungsten  steel  tempered. 

An  aocoimt  is  published  of  the  life  of  J.  Mayer,*  who  is  stated  to 
have  been  the  originator  of  steel  castings.  Though  steel  had  long  been 
known,  yet  only  those  of  its  properties  were  fully  understood  which  it 
possessed  in  common  with  wrought  iron,  until  in  1851  Mayer  showed 
that  this  metal  could  be  used  in  a  similar  way  to  cast  iron,  all  attempts 
*  ^eiUohrift  de$  Vereinet  deuUeher  Inffenieure,  voL  xxxxiv.  pp.  1368-1271- 
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tool  steel  which  accomplished  some  remarkable  results.  When  the 
members  of  the  Iron  and  Steel  Institute  were  in  the  building  it  was 
employed  to  turn  a  mild  steel  shaft,  and  the  cutting  speed  was  150 
feet  per  minute.  The  tool  worked  dry,  and  the  cuttings  became  so 
hot  that  a  thin  tongue  of  red-hot  metal  flowed  away  from  under  them, 
and  when  cool  they  assumed  a  deep  blue  colour.  In  some  cases  the 
surface  of  the  turnings  was  even  partially  fused.  The  steel  is  pre- 
pared by  a  special  process  of  tempering  and  heat  treatment,  of  which 
details  are  not  available. 

Results*  of  tests  of  tools  treated  by  the  so-called  Taylor- White 
process  have  been  published. 

Reheating  Furnace. — In  a  new  form  of  furnace,  designed  by 
Wellman,  ;  Daniels,  &  Wellman  to  supersede  the  soaking-pit^  the 
ingots  are  charged  vertically  into  a  long  furnace  in  which  they  are 
pushed  towards  the  hot  end.  They  rest  on  water-cooled  pipes,  and 
are  prevented  from  falling  over  sideways  by  similar  pipe  guides.  The 
furnace  is  thus  intended  to  be  of  the  continuous  type.f 

At  the  Kulebaki  Ironworks,  Rusda,  a  reheating  furnace  for  ingot 
iron  sheets  has  been  erected  by  J.  0.  Rayner.^  Of  this  a  description 
and  illustrations  are  now  given. 

Steel  for  Cycles. — D.  Flather§  describes  the  manufacture  and 
treatment  of  steel  used  for  cycle  construction.  The  harder  kinds  of 
steel  require  proper  annealing,  and  for  good  results  much  depends  on 
the  temperature.  It  should  be  done  on  a  rising,  not  on  a  falling 
temperature.  Too  frequent  annealing  is,  however,  objectionable. 
More  mechanical  work  should  be  put  into  the  steel  to  improve  its 
quality. 

Wire  Rope. — Justin  S.  Doe  ||  discusses  the  uses,  abuses,  and  care 
of  wire  rope. 

Tube-Making. — The  Perrin  process  for  making  welded  tubes  is 
described.^  Puddled  bars  of  trough  section  are  produced  and  piled 
togelii^  into  a  tubular  form,  with  the  longitudinal  abutting  edges 

*  Engineering  Record,  August  4,  1900  ;  American  Manufacturer^  Anguit  16, 1900. 

t  American  Manufacturer,  vol.  Ixvi.  pp.  281-282. 

X  Stahl  und  Eisen,  vol.  xx.  pp.  472-474,  with  four  illustrations. 

I  Paper  read  before  the  Oycle  Engineers'  Institute ;  Ironmonger,  July  7, 1900,  p.  9. 

IT  Mines  and  Minerals,  vol.  xx.  pp.  525-526. 

^  Iron  and  Coal  Trades  Review,  voL  IxL  p.  516. 
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coDstruction  materials  used  in  it,  are  given  by  Frahm.*  Details  are 
also  given  as  to  the  mechanical  tests  such  materials  were  required  to 
withstand,  and  a  large  number  of  the  results  of  such  tests  are  tabulated. 
The  mode  of  erection  of  the  bridge  is  also  given. 

The  re-bridging  of  the  Tugela  by  the  Patent  Shaft  and  Axle 
Company  in  an  extremely  short  time  is  also  referred  to  by  Frahm.f 

Annonr. — An  illustrated  description  of  the  manufacture  of  guns  and 
armour  at  the  Bethlehem  Steel  Works  has  been  published,  { 

A  review  of  the  progress  in  the  manufacture  in  the  different  countries 
has  been  issued.§  and  some  notes  on  the  development  of  armour  for 
naval  purposes  have  been  published,  |j  the  various  forms  and  qualities  of 
armour,  and  the  cost  at  which  it  has  been  supplied  at  different  periods 
being  discussed. 

A  recently  published  memoir  of  H.  A.  Harvey  by  his  sons  H  traces 
his  connection  with  the  armour  plate  industry  and  with  numerous 
other  manufactures  in  which  he  was  a  fertile  inventor.  Some  illus- 
trations are  given  of  the  first  plates  tested,  and  an  account  is  given 
of  the  process  of  face  hardening  and  of  its  adoption  in  various 
countries. 

Gun  Manufacture. — E.  Goffe  **  gives  some  notes  on  the  construc- 
tion of  "Long  Cecil,"  a  4  1  breech-loading  gun,  in  Kimberley  during 
the  siege,  1899-1900.  The  tube  was  bored  from  a  billet  of  hammered 
mild  steel  10^  inches  in  diameter  and  10  feet  long,  intended  for 
shafting,  and  was  strengthened  by  shrunk-on  rings  made  from  bars  of 
6  by  2J  inch  Low  Moor  iron. 

J.  Castnerft  describes  the  methods  in  use  in  Krupp  guns  for 
fastening  the  breech.  Such  fastenings  are  in  principle  based  on  either 
the  use  of  the  wedge  or  of  the  screw.  Numerous  modifications  of  both 
are  described  and  illustrated. 

Mention  is  made  1 1  of  the  various  arsenals  of  China,  and  in  particular 

»  StaM  und  Eisen,  vol  xx.  pp.  892-899,  942-947. 
t  Ibid.,  pp.  320-322,  with  one  illustratioo. 
X  Seientijie  American,  May  19,  1900. 
§  Engineering,  voL  Ixix.  pp.  435-438. 
II  rr<m  and  Coal  Trades  Review,  vol.  Ix.  pp.  686-686. 
If  A  copy  of  this  work  has  heen  presented  to  the  Institate  Library. 
••  Institution  of  Mechanical  Engineers*  Proceedings,  June  1900,  pp.  359-374,  with 
three  plates, 
ft  Stahl  und  Eisen,  vol.  xx.  pp.  570-582,  647-653,  with  28  illustrations. 
^  Frankfurter  Zei^ung  ;  Stahl  und  Eisen,  vol.  xx.  pp.  864-865. 
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Definitions  of  Pig  Iron,  Wrought  Iron,  and  SteeL— A  note 

by  A.  Pourcel  *  discusses  the  definitions  of  pig  iron,  wrought  iron,  and 
steel  Pig  iron  is  the  raw  material  from  the  blast-furnaces,  and  cannot 
be  forged  except  in  the  form  of  malleable  castings.  Steel  and  wrought 
iron  contain  less  carbon,  and  have  a  melting-point  between  1200*  and 
1500**  C.  Differences  in  the  carbon  contents,  in  the  power  of  hardening 
by  quenching,  in  the  method  of  manufacture  by  welding  and  fusion, 
and  in  the  tensile  strength,  have  been  used  alone  or  in  combination  as 
the  basis  of  a  definition.  In  practice  the  most  usual  mark  of  differen- 
tiation depends  on  the  method  of  manufacture,  wrought  iron  being 
considered  as  welded  material  and  steel  as  cast  metal. 

The  Crystallography  of  Iron. — A  comprehensive  treatise  on 
the  crystallography  of  iron  has  been  written  by  F.  Osmond. t  Full 
accounts  of  the  work  of  earlier  observers  are  given,  the  references 
in  each  case  being  appended  and  their  illustrations  often  being 
reproduced.  The  definition  of  a  crystal  and  of  the  crystallised  state 
is  first  discussed,  and  then  follows  an  account  of  the  facts  which 
may  serve  in  determining  the  crystallography  of  gamvia-iron.  These 
are  classified  in  five  groups : — (a)  The  existence  of  crystals  formed 
during  the  solidification  of  the  mass  in  the  cavities  of  ingots  or  castings 
of  steel  and  cast  iron ;  (6)  the  structure  of  quenched  steel ;  (c)  the 
structure  of  manganese  steel ;  (d)  the  structure  of  nickel  steel ;  '{e)  the 
structure  of  iron  and  its  alloys  in  the  range  of  stability  of  ^mmo-iron, 
as  revealed  by  etchings  conducted  at  the  proper  temperature.  The 
observations  on  steel  and  iron  recorded  under  the  first  of  these 
headings  all  tend  to  prove  that  gamma-iron  crystallises  in  the  cubic 
system,  assuming  preferably  the  shape  of  the  octahedra,  more  or  less 

*  Paris  Congress  on  Mining  and  Metallurgy. 

t  Annales  des  Mine*,  vol.  xvii.  pp.  110-165 ;  translRted  in  the  MetalloffrapkUt^  toI. 
iiL  pp.  181-219,  275-290. 
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shows  a  kind  of  pearlitic  stractore  of  rounded  grains  with  intermediate 
white  areas. 

H.  Le  Chatelier  has  drawn  up  a  report  on  the  present  state  of 
knowledge  concerning  the  allotropic  modifications  of  iron  and  steel 
for  presentation  at  the  Paris  International  Congress  on  Applied 
Chemistry.  The  various  points  of  transformation  are  descrihed,  and 
the  microstructure  of  the  metals  is  discussed. 

Hagnetic  Properties  of  Iron  and  Steel— L.  M.  Potts  ♦  has  in- 
vestigated Rowland's  method  for  determining  the  loss  due  to  hysteresis. 
Its  advantage  is  that  small  samples  may  be  used. 

S.  W.  Richardson  and  L.  Lownds  t  describe  experiments  that  have 
been  made  to  ascertain  in  what  way  the  hysteresis  loss  between  given 
limits  of  the  field  strength  is  connected  with  the  temperature  for  an 
alloy  containing  3*64  per  cent  of  aluminium.  The  experiments  show 
that  the  hysteresis  loss  attains  a  maximum  value  at  a  temperature 
considerably  higher  than  the  temperature  of  maximum  induction. 
The  changes  produced  in  the  magnetic  properties  of  the  alloy  by 
heating  and  subsequent  cooling  have  also  been  investigated.  The 
properties  depend  largely  on  the  previous  history  of  the  specimen; 
but  there  does  not  appear  to  be  any  essential  difference  between  the 
behaviour  of  the  alloy  during  heating  and  cooling  except  near  the 
temperature  of  maximum  permeability.  Experiments  have  also  been 
conducted  on  the  abrupt  change  in  the  permeability  that  takes  place 
at  a  temperature  of  about  650**  C.  The  conclusions  arrived  at  are  as 
follows : — (1)  The  hysteresis  loss  at  first  diminishes  as  the  temperature 
rises ;  it  then  increases  and  reaches  a  maximum  at  about  550"*  C. ; 
on  further  heating  it  falls  off  rapidly,  and  is  negligible  at  700"*  C. 
(2)  The  magnetic  properties  of  the  specimen  depend  largely  on  its 
previous  history.  (3)  There  is  no  essential  difference  between  the 
behaviour  during  heating  and  cooling  except  near  the  temperature  ef 
minimum  permeability.  (4)  An  abrupt  increase  in  the  permeability 
takes  place  at  about  660^  C.  during  heating,  followed  by  an  equally 
abrupt  diminution  on  further  heating.  (5)  This  abrupt  change  is  more 
marked  with  falling  than  with  rising  temperatures.  (6)  Continued 
heating  and  cooling  diminish  the  permeability.  (7)  The  curve  connect- 
ing temperature  of  minimum  permeability  and  percentage  of  aluminium 

•  Afnerican  Journal  of  Science^  voL  x.  pp.  91-114. 
t  Enffineering,  voL  Ixix.  p.  796. 
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and  chemical  composition  of  steel.  He  refers  to  communications  made 
by  himself  in  1895  and  1896  to  the  effect  that  it  was  possible  to 
deduce  the  mechanical  properties  of  steel,  as  shown  by  the  tensile 
test^  from  the  chemical  composition,  formulsB  given  by  him  being  em- 
ployed for  that  purpose.  These  were  based  on  the  assumption  that 
the  influence  which  small  quantities  of  impurities  present  exert  on 
these  properties  of  iron  are  alike  for  equal  atomic  quantities  of  all 
these  substances^  an  assumption  which  finds  an  analogy  in  the  be- 
haviour of  dilute  solutions.  The  formulae  then  proposed  were  based 
on  carbon  12,  silicon  28,  and  manganese  55,  the  latter  value  being 
rounded  off  to  56  for  the  simplification  of  the  equation,  when 

^  or  I  part  earboiii 
,Sr  M  ?  .»  ■Uicon, 
^  „  f    „    manganese, 

gave  similar  effects. 

Since,  however,  one  and  the  same  steel  gives  different  results  as  to 
tenacity  and  reduction  of  area  when  subjected  to  different  thermal  and 
mechanical  treatment,  the  equation  had  to  be  modified,  and  there  is 
obtained  for  tensile  strength — 

(r^=A  +  ^  C  +  V  Si  +  V^  Mn 
=  A  +  S 

while  for  the  reduction  of  area  the  formula  is — 

=  B-  (i|AC  +  ^Si  +  i,ftMn) 

or,  simplified — 

g  =  B  -  (47  C  +  20  Si  +  10  Mn) 
=  B-  4^ 

For  one  and  the  same  locality  and  method  of  production  the  values  of 
A  and  6  remain  fairly  constant  For  instance,  in  the  case  of  Neuburg 
open-hearth  steel  in  its  natural  unannealed  condition,  A  averages 
about  2'50  tons  and  6  =  60  per  cent.  The  author  shows  by  a  number 
of  testing  results  that  those  obtained  in  actual  practice  closely 
agree  with  those  calculated  by  means  of  these  formulae ;  and  he 
observes  that  he  has  heard  that  they  are  regularly  and  successfully 
employed  in  some  German  and  French  works,  instead  of  actual  testing. 
Amongst  these  are  the  Peine  Ironworks,  where  a  further  modification 
of  the  formulae  has  been  made  in  order  to  take  in  phosphorus,  its 
atomic  weight  for  the  sake  of  simplicity  being  considered  as  32.  The 
Peine  tenacity  formula  is  consequently — 

<^  =.A  +  AC  +  T%Si  +  ^Mn  +  AP. 
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''yield  point"  of  a  material  as  the  trae  criterion  of  its  strength,  and 
has  rejected  the  elastic  limit  as  being  modified  by  local  yielding.  At 
present  two  theories  are  nsed  in  the  calculation  of  strength  of 
material 

The  first  is  that  the  material  yields  when  one  of  the  principal 
stresses  reaches  a  certain  amount.  This  theory,  which  was  adopted 
by  Rankine  and  is  used  by  engineers  in  England  and  America,  is 
not  in  accord  with  recent  experiments.  The  second  theory  is  that 
the  material  yields  when  the  greatest  strain  reaches  a  certain  amount. 
This  was  advocated  by  St.  Yenant,  and  is  used  by  engineers  on  the 
Continent.  Besides  these  there  is  a  third  theory  of  elastic  strength, 
in  which  the  condition  of  yielding  is  the  existence  of  a  shearing 
stress  of  a  specific  amount.  In  the  case  of  a  solid  bar  subjected  to 
torsion,  there  is  a  variation  in  the  strain  from  the  axis  outwards,  and 
consequently  the  materials  have  been  used  in  the  form  of  thin  tubes. 
This  allows  the  application  of  an  internal  fluid  pressure.  The 
specimens  were  of  steel,  copper,  and  brass,  the  state  of  set  caused 
by  drawing  having  been  removed  by  annealing. 

The  tubes  were  subjected  to  (1)  torque;  (2)  torque  and  tension; 
(3)  tension  only ;  (4)  tension  and  internal  pressure ;  (5)  torsion  and 
internal  pressure ;  and  (6)  internal  pressure  only.  The  axial  elonga- 
tion, the  twist,  and  occasionally  the  circumferential  strain,  were  mea> 
sured.  Towards  the  end  of  the  experiments  observations  were  made 
on  bending.  The  results  disprove  the  maximum-stress  theory,  and 
are  at  variance  with  the  maximum-strain  theory. 

The  maximum  shearing  stress  developed  and  the  corresponding 
shearing  strain  were  comparatively  constant  throughout  the  experi- 
ments, and  no  other  simple  relation  between  the  stresses  and  strains 
was  even  approximately  constant.  The  results  of  the  experiments 
have  been  plotted  synoptically  on  a  curve,  and  the  several  lines  have 
been  drawn  upon  which  these  points  should  be  according  to  the 
various  theories.  It  is  readily  seen  that  the  points  cluster  round  the 
line  which  represents  the  existence  of  a  specific  shearing  stress.  The 
author  therefore  favours  the  existence  of  this  stress  for  any  material 

Influence  of  Hardening. — ^A  paper  was  read  by  A.  Camot  and 
G^outal*  before  the  Academy  of  Sciences,  in  which  they  give  the 
results  of  their  investigations  on  the  influence  of  hardening  on  the 
state  of  combination  in  steel  of  elements  other  than  carbon.     It  has 

*  CompUt  Itendut,  vol.  cxxii  pp.  92-%. 
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results  in  practice,  both  of  steel  with  a  percentage  of  nickel  less  than 
10,  and  of  one  with  12  per  cent,  of  nickel 

The  next  class  of  nickel  steels  considered  comprises  those  contain- 
ing from  20  to  25  per  cent,  of  nickel.  Amongst  the  special  nickel 
steels  with  more  than  10  per  cent,  of  nickel,  only  those  with  from  20 
to  25  per  cent  have  found  a  real  industrial  application.  The  large 
French  works  make  these  steels  regularly  both  in  open-hearths  and  in 
crucibles,  and  work  it  up  into  sheets  and  plates.  Tests  of  this  kind  of 
steel  are  given.  Nickel  steel  with  25  per  cent,  of  nickel  is  also  used 
for  boiler-tubes,  wire,  wire-rope,  and  springs,  and  the  results  are  given 
of  a  number  of  other  mechanical  tests  of  these  materials.  In  conse- 
quence of  its  high  price,  steel  with  25  per  cent  of  nickel  has  onlj 
found  a  limited  degree  of  application  in  practice. 

A  fourth  kind  of  commercial  nickel  steel  is  that  with  more  than  25 
per  cent,  of  nickel.  Steel  containing  36  per  cent  of  nickel  is  used 
with  advantage  for  instruments  of  precision  in  the  manufacture  of 
watches,  &c.  Steel  containing  44  per  cent,  of  nickel  is  used  in  the 
form  of  wire  in  the  manufacture  of  "  wire  glass "  and  as  a  substitute 
for  the  more  expensive  platinum  wire  in  incandescent  lampa  The 
results  of  mechanical  tests  of  such  steels  are  given.  Both  the  hardened 
steels  with  36  per  cent,  and  with  44  per  cent  of  nickel  showed  a  silky 
fracture  when  broken  in  the  tensile  test 

H.  Souther  *  describes  the  properties  and  uses  of  nickel  iron  alloys, 
mainly  confining  himself  to  abstracts  from  the  recent  monographs  of 
Hadfield  and  Browne. 

Experiments  by  Rudelofff  comprised  as  a  preliminary  the  examina- 
tion of  nine  kinds  of  commercially  pufe  nickel  obtained  from  difibrent 
works.  These  were  analysed  and  subjected  to  mechanical  and  physi- 
cal tests.  The  three  best  kinds  were  used  in  the  subsequent  experi- 
ments. In  preparing  the  test-pieces,  it  was  found  that  castings  of  pure 
nickel  are  not  sound  unless  a  magnesium  addition  has  been  made. 
From  every  fusion  two  ingots  were  cast,  one  of  which  remained  as 
cast  whilst  the  other  was  hammered  out  These  latter,  without  ex- 
ception, showed  cracks.  The  mechanical  treatment  did  not  change 
the  conductivity  for  heat  or  for  electricity  in  any  marked  degree. 
Nickel  containing  manganese  was  found  as  cast  to  possess  a  greater 
tensile  strength  and  greater  elongation  than  nickel  free  from  man- 
ganese.    Mechanical  treatment  increased  both  ultimate  strength  and 

*  The  MinereU  Inditttrp,  vol.  vHi.  pp.  43B-449. 

t  OeMterreichiscJit  Zeitschrtjt  /iir  Berg-  und  Hilttm^ofttn^  vol.  xlviii.  p.  408. 
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cent  of  nickel.  The  first  set  of  alloys,  containing  np  to  0*343  per  cent, 
of  carbon  and  0*650  per  cent,  of  manganese,  resulted  in  showing  that 
np  to  25 '84  per  cent  of  nickel  the  non-reversible  points  are  above  0*"  C. 
From  27*12  per  cent  of  nickel  the  point  of  transformation  on  cooling 
is  below  0**  C.,  while  at  29*94  per  cent  of  nickel  even  solid  carbon 
dioxide  does  not  produce  the  non-reversible  point  of  transformation. 
This  point,  if  it  exists,  which  does  not  appear  probable,  would  onlj 
show  itself  in  liquid  air.  With  25*84  per  cent  of  nickel  in  the  alloy 
there  are  two  points  of  transformation  existing  simultaneously — one 
reversible  and  one  non-reversible.  As  the  percentage  of  nickel  increases 
the  reversible  point  rises  and  the  non-reversible  one  is  lowered. 
The  points  of  transfoimation  are  as  follows  in  the  alloys  shown  : — 


Gompotition. 


Nickel. 


Carbon. 


Per  Cent. 
25*27 
24-61 
21-90 
16-06 


Per  Cent* 
0-687 
0-640 
0-670 
0-635 


Manganese. 


Per  Cent. 
0-880 
0-880 
0-480 
0-828 


Points  of  Transformation. 


Reversible. 


•c. 

+75 
about  -26 
about  -25 


none  at  -188 


Non-reversible. 


•c. 

none  at  -  78 
none  at  - 188 
none  at  -  78 


The  reversible  transformation-point  of  these  alloys  shows  itself  on 
cooling  by  the  appearance  of  extremely  feeble  magnetism,  which 
increases  in  intensity  as  the  temperature  falls.  The  three  first  became 
distinctly  magnetic  in  solid  carbon  dioxide.  The  second  was  immersed 
in  liquid  air,  and  its  magnetic  character  had  still  further  increased. 
The  addition  of  carbon  here  brought  out  in  these  specimens  their 
reversible  transformation,  which  is  lowered  as  the  percentage  of  nickel 
is  diminished.  None  of  the  alloys  of  iron  and  nickel  appear  to  be 
eutectic  in  character.  Nickel  lowers  the  points  of  transformation  of 
iron,  and  iron  those  of  nickel,  although  it  commences  by  increasing 
them.  The  result  is  that  the  magnetism  of  alloys  which  have  not 
been  submitted  to  the  influence  of  temperature  below  0*  C.  is  due 
exclusively  to  iron  if  the  percentage  of  nickel  is  below  25,  and  exclu- 
sively to  nickel  if  the  nickel  contents  is  above  26  per  cent  Between 
25  and  26  per  cent  of  nickel  the  magnetism  has  disappeared  almost 
entirely  at  the  ordinary  temperature,  in  consequence  of  the  simul- 
taneous depression  of  the  transformation-points  of  iron  and  nickel 
It  may  be  added  that  the  points  of  transformation  referred  to  are 
magnetic  ones. 
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tbe  copper  perceDtage  rose.  In  tabular  form  are  shown  the  results  of 
the  chemical  analysis  and  of  the  mechanical  test  in  the  case  of  fifteen 
tests.  The  addition  of  copper  raised  the  tensile  strength,  sometimes  a 
little,  and  sometimes  considerably.  Thus,  while  the  original  cast  iron 
had  a  tensile  strength  of  19  tons  per  square  inch,  the  sample  containing 
4*9  per  cent,  of  copper  had  a  tensile  strength  of  22*2  tons  per  square 
inch.  Copper  was  not  found  to  produce  any  marked  chilling  effect. 
Even  4*9  per  cent,  of  copper  left  this  Swedish  pig  iron  still  a  "grey  ** 
iron  when  cast,  whereas  1*5  per  cent,  of  manganese  or  2  per  cent,  of 
chromium  chilled  it  completely.  The  maximum  percentage  of  copper 
that  pig  iron  will  take  up  completely  was  found  to  be  5,  both  for 
grey  and  white  irons.  The  copper  makes  the  pig  iron  more  fluid  when 
molten,  and  denser  when  cast,  while  it  tends  to  increase  its  strength. 
Its  influence  is,  however,  not  very  marked,  and  is  at  least  far  less  than 
that  of  other  elements.  It  does  not  seem  probable  that  any  advantage 
to  foundry  practice  is  to  be  expected  from  the  use  of  copper,  but,  on 
the  other  hand,  its  presence  in  the  minerals  to  be  used  in  the  manu- 
facture of  foundry  pig  iron  need  not  give  rise  to  any  apprehension.  It 
is  absolutely  unnecessary  to  separate,  that  is,  any  oxidised  copper  ore 
that  may  be  present. 

The  author  next  deals  with  the  influence  exerted  by  copper  on 
malleable  iron  and  steel.  It  was  formerly  believed,  he  observes,  that 
even  very  small  quantities  of  copper  made  steel  red-short,  but  the 
results  obtained  by  various  experimenters  difl'ered  widely  from  each 
other,  as  the  author  shows.  The  experiments  made  at  the  Russian 
ironworks  under  the  author's  direction  showed  that  iron  containing 
up  to  3  per  cent,  of  copper  could  be  readily  worked.  When  con- 
taining a  considerable  percentage  of  copper  the  metal  was  fairly  elastic, 
and  when  subjected  to  malleable  action  behaved  like  steel  rather  than 
iron.  Cracks,  however,  began  to  show  themselves  under  such  treat- 
ment. When  the  percentage  of  copper  reached  4'7,  and  when  the 
percentage  of  copper  was  from  7  to  10,  the  cracks  became  so  bad  that 
the  metal  even  fell  entirely  to  pieces.  Results  are  given  of  the 
mechanical  tests  of  the  various  samples.  The  tensile  strength  and 
limit  of  elasticity  increased  with  the  rise  of  the  percentage  of  copper 
up  to  3*20,  but  somewhat  irregularly.  There  were,  however,  slight 
differences  in  the  percentages  of  the  other  constituents  also  present. 
The  original  iron  had  the  following  percentage  composition : — 


c. 

Si. 

Mil. 

r. 

S. 

Cu. 

010 

0-09 

0*14 

0-028 

0-034 

0-0 
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The  percentage  of  copper  varied  between  0  and  3.  Hardening  could 
be  done  in  oil  bat  not  in  water,  bat  even  oil  hardened  so  energetically 
that  the  metal  became  very  brittle  and  crashed  in  the  jaws  of  the 
testing  machina  The  tests  made  showed  that  the  presence  of  copper 
in  steel,  such  as  the  above,  greatly  increases  this  hardening  power, 
bat  if  the  metal  is  annealed  at  a  high  temperature  and  for  a 
long  time,  the  influence  of  the  copper  ceases  almost  entirely  to  be 
observable. 

Other  tests  referred  to  capriferous  weld  iron  and  to  the  paddling  of 
cupriferous  pig  iron,  and  these  showed  that  the  copper  did  not  possess 
any  deleterious  action  on  the  metal. 

A.  Ruhfus,*  in  discussing  Lipin's  investigation  on  the  influence  of 
copper  on  steel,  points  out  that  the  conclusions  deduced  will  be  con- 
sidered by  many  to  be  decidedly  at  variance  with  their  experience  in 
practice ;  for  instance,  the  statement  that  red-shortness  is  not  brought 
about  by  copper  in  iron  and  steel  unless  there  is  over  2  or  even  3  per 
cent  of  copper  present.  This  conclusion  the  author  considers  to  be 
far  too  general,  and  not  to  hold  good  for  ingot  iron.  His  own  experi- 
ence shows  that  the  maximum  permissible  percentage  of  copper  in 
ingot  iron,  which  may  be  present  without  causing  the  metal  to  show 
signs  of  red-shortness  on  rolling,  is  0*4,  or  for  steel  containing  more 
carbon  and  manganese  0*5,  assuming  that  phosphorus  and  salphar  do 
not  exceed  0*05  per  cent  If  the  metal  is  to  be  subjected  to  a  welding 
process  the  maximum  percentage  must  not  exceed  0*3  for  ingot  iron 
or  0*4  for  steel.  Red-shortness  is  more  evident  in  the  heavier  ingots 
from  one  and  the  same  charge  than  in  the  ingots  of  smaller  si^e, 
probably  due  to  the  fact  that  liquation  phenomena  are  more  likely 
to  take  place  in  the  larger  ingots  than  in  the  more  rapidly  cooled 
ingots  of  smaller  size. 

The  author  considers  that  there  are  varioas  causes  which  may 
explain  the  difference  between  the  results  of  Lipin's  experiments 
and  those  which  are  observed  in  practice.  Not  the  least  of  these  lies 
in  the  fact  that  Lipin's  experiments  were  made  in  crucibles,  and 
under  conditions  which  largely  exclude  oxidation,^  the  copper  being 
added  in  the  metallic  form.  Now  it  is  by  no  means  certain  that 
in  blast-furnace  metal  the  copper  is  all  present  as  such,  or  whether  it 
may  not  be  also  in  some  other  form,  combined,  that  is,  with  oxygen 
or  some  other  element.  Thus  the  metal  from  varioas  charges  from  an 
open-hearth;  to  which  0*4  per  cent  of  metallic  copper  had  been  added 

*  SUM  und  Ei$en,  voL  zx.  pp.  691>692. 
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metal  for  bridge  construction  purposes,  experiments  have  been  made 
on  an  extensive  scale,  the  conclusions  drawn  from  which  are  given  in 
a  report  which  is  signed  by  J.  E.  Brik,  the  chairman,  and  the  sixteen 
members  of  the  committee.*  The  committee  found  the  soft  metal 
examined  by  them  to  give  good  results  when  used  for  beams,  but 
beams  made  of  harder  metal  were  much  less  satisfactory.  The  harder 
varieties  of  basic  Bessemer  ingot  metal  suffer  badly  when  rivet  holes 
are  punched  through  them,  and  basic  Bessemer  metal  cannot  be  con- 
sidered  satisfactory  for  bridge  construction  purposes  if  it  has  a  tensile 
strength  exceeding  4*3  tons  per  square  centimetre.  A  basic  Bessemer 
iron  to  be  used  for  such  purposes  should  have  a  tensile  strength  lying 
between  the  above  as  a  maximum  limit  and  3*5  tons  per  square  centi- 
metre as  a  minimum.  The  rivet  holes  should  be  drilled  and  not 
punched,  and  on  no  account  must  the  metal  be  subjected  to  mechanical 
treatment  at  a  yellow  or  blue  heat.  A  red  heat  must  always  be  em- 
ployed. Other  suggestions  are  also  made.  The  material  to  be  used 
for  rivets  should  have  a  good  elongation,  and  a  tensile  strength  varying 
from  about  3*5  to  4  tons  per  square  centimetre.  The  rivets  must  not 
be  heated  above  a  bright  cherry-red.  The  riveting  should  as  far  as 
possible  be  done  by  machine.  Hand-riveting  must  be  performed  as 
quickly  as  possible,  care  being  taken  to  avoid  injuring  the  surface  of 
the  metal.  Two  beams  made  of  soft  metal  were  found  to  possess  in 
the  one  case  the  same  strength  as  the  original  metal  possessed,  and 
in  the  other  93  per  cent,  of  this,  while  two  beams  made  of  harder 
metal  broke  when  the  stress  was  only  82  per  cent,  of  what  the  original 
metal  would  have  withstood.  The  hard  metal  is  subject  to  surface 
injury,  and  also  liable  to  internal  strains. 

Mehrtens  f  points  out  that  the  quantity  of  basic  steel  produced  in 
the  world  in  1899  was  about  10,500,000  tons,  of  which  Germany  alone 
produced  5,400,000  tons,  or  more  than  one-half.  Comparing  Austria- 
Hungary  with  Germany,  it  is  seen  that  the  latter  produces  nearly  6*5 
times  as  much  as  the  former.  Curiously  enough,  however,  while 
Germany  produces  3,800,000  tons  of  basic  Bessemer  metal  and  only 
1,600,000  tons  of  basic  open-hearth  metal,  in  Austria  600,000  tons  is 
made  of  the  latter  and  only  250,000  of  the  former.  The  basic  Bessemer 
process  was  introduced  into  Austria  in  1879,  and  the  basic  open-hearth 
process  only  in  1886,  but  by  1890  it  occupied  the  foremost  position, 

*  BeUagt  zur  ZeiUohrift  des  Oe$terreichi»chen  Ingenieur  und  ArekUektentftrcina, 
1900,  No.  17. 
t  ZtiUckrift  des  Vereina  detUtcher  Ingtnieure,  toI.  xxziv.  pp.  880-S82. 
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worn  and  broken  rails,  of  which  a  number  should  be  subjected  to  the 
ordinary  falling-weight  tests,  and  selected  specimens  to  tensile  and 
bending  tests,  the  latter  being  also  chemically  analysed  and  examined 
by  the  recent  methods  of  photomicrography.  A  considerable  number 
of  rails  were  tested  in  the  presence  of  members  of  the  Committee  at 
the  North-Easteru  Bailway  Company's  works  at  Oateshead,  and  at  the 
Lancashire  and  Yorkshire  Railway  Company's  works  at  Castleton,  near 
Eochdale,  and  from  them  a  selection  of  sixteen  rails  for  further  in- 
vestigation was  made  by  W.  C.  Unwin  and  E.  Windsor  RichardsL 
The  Lancashire  and  Yorkshire  and  North-Eastem  Railway  Companies 
supplied  specimens  of  the  chosen  rails  cut  in  a  suitable  manner  for 
the  further  investigations  proposed,  which  were  apportioned  amongst 
members  of  Committee  as  follows  : — ^Mechanical  tests,  W.  C.  Unwin  ; 
chemical  analysis^  T.  E.  Thorpe;  photomicrographic  examination. 
Sir  W.  Roberts-Austen;  atmospheric  corrosion  tests,  W.  R.  Dunstan. 
W.  C.  Unwin  gives  the  result  of  transverse,  hardness,  and 
tension  tests  on  each  of  the  selected  rails,  and  also  Tetmajer's  and 
Dormus's  coefficients  of  quality  for  each  rail.  T.  K  Thorpe  gives  an 
analysis  of  each  of  the  sixteen  selected  rails,  and  also  of  the  rail, 
the  fracture  of  which  on  the  Great  Northern  Railway  at  St.  Neots 
in  December  1895  led  to  the  appointment  of  the  Committee,  to- 
gether with  a  summary  of  the  methods  employed  in  his  analysis. 
Sir  William  Roberts-Austen  describes  the  method  of  examining  the 
rails  by  photomicrography,  the  effect  of  the  various  constituent 
elements,  and  the  manner  in  which  they  may  combine ;  he  also  com- 
pares the  mechanical,  chemical,  and  photomicrographic  results  of  the 
experiments  on  the  selected  rails.  His  examination  of  the  St.  Neots 
rail  disclosed  the  presence  of  patches  of  martensite  in  portions  of 
the  rail,  and  in  order  to  ascertain  whether  this,  the  characteristic 
constituent  of  hardened  steel,  can  be  produced  by  other  means  than 
by  quenching  the  steel  from  a  high  temperature.  Sir  William  Roberts- 
Austen  has  examined  a  portion  of  the  tube  of  a  4*7-in.  quick-firing 
gun,  making  a  study  of  the  nature  of  the  change  produced  by  the 
action  of  the  explosive.  He  is  satisfied  that  the  conditions  which 
prevail  in  the  gun  do  produce  changes  in  the  steel  which  resemble  the 
local  changes  in  structure  of  the  St.  Neots  rail,  but  do  not  enable  the 
local  patches  of  martensite  occurring  in  this  rail  to  be  attributed 
to  any  other  known  cause  than  the  quenching  of  the  steel  from  a 
high  temperature.  The  structure  of  this  rail  is  evidently  abnormal 
W.  E.  Dunstan  gives  an  account  of  the  manner  in  which  atmospheric 
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measure  on  its  structure,  which  may,  if  the  specimens  of  steel  haTe 
been  suitably  prepared,  be  revealed  by  the  microscope.  The  pecnliju: 
structure  of  the  St.  Neots  rail,  for  instance,  can  be  exactly  imitated. 

W.  G.  Unwin,  with  the  assistance  of  Sir  Benjamin  Baker  and  W. 
Kennedy,  prepared  a  memorandum  reviewing  from  the  mechanical 
point  of  view  the  information  before  the  Committee.  In  this  mem- 
orandum the  following  conclusions  are  arrived  at : — (a)  The  prepon- 
derance of  fractures  near  the  ends  of  rails  seems  to  show  that  the 
greater  straining  action  due  to  discontinuity  at  the  joint  is  a  con- 
tributing cause  of  fracture,  and  this  can  be  remedied  by  adopting  rails 
of  sufficient  strength  with  webs  of  ample  thickness  and  secure  types  of 
fastening,  and  by  care  that  no  looseness  arises  in  service.  The  fact 
that  worn  rails  are  improved  in  strength  and  ductility  by  annealing 
proves  that  part  of  the  deterioration  of  rails  in  service  is  of  the  nature 
of  what  is  sometimes  termed  "fatigue."  It  appears  certain  that  in 
some  cases  fractures  of  rails  have  been  due  to  fissures  formed  during 
service.  How  far  the  minute  transverse  fissures,  very  often  noticed  in 
the  running  surface  of  old  rails,  give  rise  to  these  larger  induced  flaws 
requires  further  investigation.  It  is  not  likely  that  they  usually  spread 
into  the  substance  of  the  rail,  because  they  are  common  in  old  rails, 
and  fractures  would  be  more  frequent  than  they  are  if  that  were  the 
casa  Also,  the  evidence  as  to  the  existence  of  visible  flaws  or  defects 
in  the  fractured  surface  of  rails  is  very  conflicting.  In  some  cases, 
undoubtedly,  the  combined  effects  of  the  weakening  of  a  rail  by  wear 
and  corrosion,  possibly  also  increased  straining  action  from  defective 
packing  of  sleepers,  and  the  presence  of  a  flaw  or  fissure  of  not  incon- 
siderable size  have  led  to  fracture  of  the  rail.  That  such  defects 
appear  most  commonly  in  the  head  of  the  rail  is  evidence  to  a  certain 
extent  that  they  are  induced  by  the  hammer-hardening  of  the  top 
surface;  (d)  it  is  very  desirable  that  the  mechanical  tests  to  which 
rails  are  subjected  should  be  as  far  as  possible  standardised  in  con- 
nection with  (1)  the  weight,  (2)  the  section,  and  (3)  the  chemical 
composition  of  the  rail. 

With  these  conclusions  the  Committee  agree,  and  as  regards  chemi- 
cal composition  they  do  not  think  it  desirable  to  insist  upon  too  high 
a  proportion  of  carbon,  manganese,  or  silicon  in  the  steel,  having 
regard  to  the  ordinary  contingencies  of  manufacture,  and  the  greater 
susceptibility  of  high  carbon  steel  to  thermal  influences. 

At  the  International  Railway  Congress,  held  at  Paris  in  1900,  the 
question  of  specifications  for  railway  rails  was  dealt  with  at  con- 
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maker,  aad  an  observer  of  the  wear  of  rails  of  many  sections  and 
direrse  chemical  composition,  he  was  led  to  advocate — (1)  that  work 
after  careful  heating  of  the  steel  should  be  continued  until  the  tem- 
perature had  been  much  reduced ;  and  (2)  that  the  carbon  percentages 
should  be  increased  in  proportion  to  the  increase  of  rail  section,  the 
ultimate  amount  being  of  necessity  limited  by  the  contained  percent- 
age of  phosphorus. 

A.  L.  Colby*  reviews  the  requirements  of  rail  specifications  as 
compared  with  those  proposed  for  the  standard  American  specifications 
proposed  at  the  International  Congress  of  the  Association  for  Testing 
Materials.  In  forty-one  instances  the  material  is  specified  in  eight 
cases,  the  carbon  in  63  per  cent.,  phosphorus  and  sulphur  in  32  per 
cent.,  and  silicon  and  manganese  in  about  half.  All  prescribe  a  drop 
test,  and  70  per  cent,  give  a  dead  'weight  test.  Finish,  inspection, 
and  other  matters  are  also  referred  to. 

In  continuation  t  of  the  discussion  W.  R  Webster  refers  to  the 
carbon  limits  and  the  finishing  temperature;  and  Sir  Lowthian  Bell 
gives  the  results  of  a  number  of  drop  tests  on  steel  rails  made  from 
the  top,  middle,  and  bottom  of  ingots^  together  with  full  analysis. 
The  fractures  took  place  at  an  average  fall  of  48*9  feet  for  tops,  64*5 
feet  for  middles,  and  77  feet  for  the  bottoms ;  but  the  analysis  showed 
only  very  slight  average  di£ferences. 

Some  notes  have  been  given  |  on  the  life  of  steel  rails.  In  the  case 
of  tramways  so  much  depends  on  the  endurance  of  the  paving,  and  the 
various  kinds  are  therefore  considered  in  some  detail.  Railway  rails 
are  also  considered.  It  is  pointed  out  that  in  the  case  of  railways 
the  chief  limiting  consideration  which  determines  the  amount  of  work 
that  can  be  obtained  from  steel  rails,  or  their  life,  is  the  thickiiess 
of  metal  that  can  be  worn  off  the  face  of  such  rail  with  a  due  con- 
sideration to  safety;  while  in  the  case  of  tramways  or  street  railways, 
in  which  the  vehicular  traffic  runs  on  the  same  level  as  the  track,  it 
does  not  depend  so  much  upon  the  amount  of  wear  to  the  rail  itself, 
as  on  the  length  of  time  the  street  paving  on  which  these  rails  are 
laid  lasts. 

Sections  of  the  rails  and  their  fastenings,  as  used  on  the  Manchurian 
railway  built  under  Russian  auspices,  are  given,§  together  with  the 
specifications  for  them,  and  also  for  the  wheels  and  couplings. 

♦  American  Society  of  Civil  JSngineert^  Proceedings,  toI.  xxvl  pp.  768-773. 

t  /Wrf.,pp.  W0-W8. 

X  Engineer^  vol.  xc.  p.  77. 

§  Iron  and  Coal  Trade$  Review^  vol.  Ixi.  pp.  73-7-1. 
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culars  of  tetsts  adopted  by  the  Austrian,  Belgian,  and  Grerman  State 
railways  for  cast  wheels  are  given.  The  thermal  test  of  the  Penn- 
sylvania Railroad  is  also  given,  and  in  connection  with  this  a  paper  by 
G.  R  Henderson  *  is  referred  to,  as  advocating  a  certain  percentage  of 
manganese  to  enable  the  wheels  to  endure  the  test  In  America  the 
master  car-builders'  regular  guarantee  is  for  forty-eight  months,  and  all 
wheels  which  run  over  five  years  may  be  considered  as  giving  good 
service.  As  a  result  of  a  study  of  the  analyses  of  such  wheels,  below 
are  given  what  are  considered  to  be  the  desirable  limits  for  the  chemical 

constituents  of  wheels : — 

Per  Cent. 

Graphite 275  to  3*00 

Combioed  carbon 0*50  „  075 

Silicon 0-60  „  070 

Manzanese 0*90  „  0*50 

Sulphur 0*05  „  0*07 

PhosphoruH 0*35  „  0*45 

By  comparing  the  above  with  the  analyses  of  a  large  number  of 
wheels  it  was  found  that  these  limits  excluded  those  which  broke 
through  the  rim  in  ten  minutes  or  less  under  the  thermal  test ;  broke 
with  twenty  blows  or  less  under  the  drop  test ;  or  gave  less  than  two 
years'  service.  In  analyses  of  seven  wheels,  which  had  given  from 
eight  to  eleven  years'  service,  the  following  were  the  limits : — 

Per  Cent. 

Graphite 2*56  to  3*10 

Combined  carbon 0*63  „  1*01 

SUioon 0-68  „  0*68 

Manganese 0*15  „  0*27 

Sulphur 0-05  „  0*06 

Phosphorus 0*25  ,,  0*45 

Tests  of  Armour  Plates. — Illustrations  are  given  f  of  one  of  two 
armour  plates  made  by  a  special  process  at  the  Manchester  Works  at 
Oppenshaw,  and  tested  at  Whale  Island,  July  3,  1900.  It  endured 
five  blows  from  100-lb.  Holtzer  projectiles,  with  striking  velocities  of 
1970  to  2047  foot-seconds,  and  striking  energies  of  2691  to  2841  foot- 
tons.  All  the  projectiles  were  broken  up.  The  deepest  penetration 
was  2|  inches  and  surface  scaling  only  was  produced.  The  plate  was 
8  by  6  feet  aud  6  inches  in  thickness. 

Particulars  have  appeared}  of  some  plates  made  at  Terni,  and 
tested  at  Muggiano  near  Spezia.     One  plate,  tested  on  May  3,  1899, 

*  Tran$actum$  of  American  Society  of  Mechanical  Engineen^  voL  xx.  pp.  615-^28. 
t  Engineer^  voL  xo.  p.  385. 
X  Ibid.,  p.  7. 
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The  Infltience  of  Hydrogen  on  Iron.— E.  Hejm  ♦  observes  that 

the  experiments  of  Miiller  and  of  Stead  showed  that  when  holes  are 
drilled  in  steel  ingots  gas  is  evolved,  and  that  this  consists  chiefly 
of  hydrogen.  As  this  is  not  the  gas  that  would  have  seemed  likely 
to  have  been  present,  it  would  appear  that  some  affinity  must  exist 
between  iron  and  hydrogen  to  cause  this  selection  of  the  latter  gas  by 
the  iron.  The  behaviour,  too,  of  solid  iron  towards  hydrogen  points 
in  the  same  direction.  Although  most  of  the  hydrogen  is  given  up 
by  ingot  metal  just  before  it  solidifies,  yet  some  will  be  found  in  every 
ingot  iron  even  after  annealing  and  rolling.  The  cooling  curve  of 
electro-deposited  iron  given  by  Roberts- Austen  forms  a  further  marked 
advance  in  our  knowledge  of  this  subject.  This  metal  had  the  hard- 
ness of  fluor  spar,  and  at  70°  evolved  considerable  quantities  of  hydro- 
gen. Further  quantities  were  given  off  at  higher  temperatures  in 
vacuo,  and  never  entirely  ceased,  though  after  a  temperature  of 
IdOC  C.  had  been  exceeded  it  was  but  very  small  in  quantity.  After 
dealing  with  this  at  further  length,  the  author  describes  experiments 
made  at  Charlottenburg  with  various  kinds  of  iron  which  were  heated 
in  an  atmosphere  of  hydrogen.  One  of  these.  No.  L,  was  soft  basic 
open-hearth  rolled  metal  of  the  composition : — 


0. 

Si. 

Mn. 

P. 

S. 

Cu. 

0-05 

under  0*01 

0-37 

0-069 

0-046 

0-03 

Another  (II.)  was  a  basic  Bessemer  beam  metal  of  unknown  composi- 
tion; a  third  sample  (III.)  was  a  soft  wire  of  ingot  iron  extremely 
low  in  carbon,  and  a  fourth  (IV.)  was  a  hard  ingot  metal  wire  con- 
taining 0-37  per  cent,  of  carbon.  Nos.  IIL  and  IV.  were  of  West- 
phalian  origin.  The  experiments  are  described.  They  showed  that 
if  ingot  iron  is  heated  in  hydrogen  at  temperatures  between  730'  and 
1000'',  and  then  hardened,  the  metal  is  much  harder  than  it  would 
•  Skibl  und  Euen,  foI.  xx.  pp,  837-844. 
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durable.  In  wrought  iron  and  steel  the  cinder  and  the  cementite 
respectively  have  a  twofold  action,  one  preventative,  resisting  oxida- 
tion, and  the  other  electro-chemical,  which,  by  the  difference  of  poten 
tial,  may  sometimes  hasten  and  sometimes  retard  oxidation.  The 
resultant  of  these  actions  will  vary  both  with  the  attacking  mediun 
and  also  with  the  progress  of  the  action.  The  author  has  in  progress 
a  large  number  of  experiments,  but  the  following  table  summarising 
the  results  already  obtained  shows  the  relative  corrosion  of  soft  steel, 
wrought  iron  and  nickel  steel,  taking  wrought  iron  as  a  standard : — 


j  Wrought  iron 
I  Soft  steel      . 
I  8  per  cent,  niokel  steel . 
2o  per  cent,  nickel  steel 


Sea 
Water. 


100 

114 

83 


Fresh 
Water. 

Weather. 

Areiage. 

100 

100 

IM 

94 

103 

108 

80 

67 

77 

32 

30 

.^ 

D.  H.  Maury*  discusses  the  electrolysis  of  underground  metallic 
structures,  especially  in  relation  to  pipes  and  rails  affected  by  electric 
currents.  Numerous  illustrations  are  given  to  show  the  effects  of  cor- 
rosion thus  produced.  It  would  seem  that  the  only  way  of  preventing 
the  corrosion  is  to  keep  the  currents  out  of  the  ground  by  using  return 
conductors  properly  insulated  on  all  electric  tramways. 

M.  Eudeloff  t  ^discusses  the  ^degrees  of  resistance  to  a  rusting  action 
shown  by  the  wires  of  wire  ropes.  The  results  are  given  of  numerous 
experiments  relating  to  this.  It  was  found  that  rusting  did  not  affect 
the  mechanical  properties  of  the  unrusted  metal  remaining  in  the 
wire.  With  regard  to  the  influence  exerted  by  variations  in  the  eom> 
position  of  the  metal  forming  the  wires  on  the  way  these  rusted,  it 
was  found  that^  despite  variations  in  the  percentage  of  manganese, 
carbon,  and  phosphorus  in  the  metal  forming  the  series  of  wires 
tested,  and  despite  of  very  differing  degrees  of  mechanical  treatment^ 
they  were  practically  equal  in  their  resistance  to  a  rusting  action. 
Rusting  diminishes  the  elongation  of  the  metal,  and  this  diminution 
is  relatively  the  greater  the  greater  the  degree  of  elongation  of  the 
metal  before  rusting.  The  tensile  strength  is  also  diminished,  and 
the  degree,  as  also  in  the  case  of  the  elongation,  appears  to  be  pro- 

*  Paper  read  before  the  Water  Works  Association,  Eichmond.  YiiigiDia,  1900, 
through  the  Bnginttring  News,  toL  xliv.  pp.  88-42. 

t  MiUheilungen  au$  den  KQniglichen  teehfiuehen  VenuchtafittiilUn  tu  Berlin, 
Part  iiL  pp.  107-129, 
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and  sells  for  seven  times  as  much  as  the  highest  priced  ordinary  tod 
steel.  It  is  conceded  to  be  the  best  steel  made  for  machine  tools.  It 
does  not  twist  in  hardening,  is  easy  to  forge,  file,  or  tool,  and  machines 
may  and  should  be  driven  at  a  speed  far  in  excess  of  any  that  can  be 
used  with  any  other  steel.  Tungsten  steel  has  marked  magnetic  pro- 
perties. The  production  of  the  metal  to-day  in  the  world  does  not 
exceed  1000  tons,  and  the  demand  exceeds  the  supply.  Some  parti- 
culars of  the  Nova  Scotian  deposits  were  given  by  C.  A.  Meissner, 
including  the  following  analysis : — 

Per  Cent. 

Tangiten  trioxide 66*32 

Silica 6-25 

Manganese 12*02 

Iron 012 

In  the  case  of  the  real  wolfram  the  percentage  of  iron  is  much  higher, 
and  this  tungsten  ore  must  rather  be  called  a  hibrenite.  It  is  a  diffi- 
cult ore  to  mine,  occurring  in  bunches  in  the  vein,  which  itself  twists 
about  in  an  extraordinary  manner.  Deposits  are  worked  in  Germany, 
Bohemia,  and  Texas,  and  it  has  recently  been  found  in  Nevada.  It 
also  occurs  in  the  Cornish  tin  mines. 

Iron  Selenides. — According  to  H.  Fonzes-Diacon  *  the  combina- 
tion  of  iron  and  selenium  at  high  temperatures  always  gives  rise  to 
compounds  containing  an  excess  of  selenium  over  that  indicated  in  the 
formula  FeSe.  Amorphous  products  only  are  obtained  by  the  action 
of  hydrogen  selenide  or  selenium  vapour  on  red  hot  iron.  Ferric 
selenide,  Fe^Seg,  produced  by  the  action  of  hydrogen  selenide  on  ferric 
oxide  heated  to  bright  redness,  forms  a  grey,  micro-crystalline  powder 
with  a  blue  reflex. 

The  selenides  Ye^Be^  and  Fe^Sog  are  obtained  in  a  similar  manner 
from  the  peroxide  or  anhydrous  ferric  chloride  at  somewhat  higher 
temperatures ;  these  compounds  are  crystalline,  and  belong  apparently 
to  the  cubic  system. 

Iron  disel^nide,  FeSe2,  prepared  in  a  similar  manner  in  a  dull  red 
heat,  forms  pseudomorphs  after  crystallised  anhydrous  ferric  chloride  ; 
when  heated  in  a  current  of  oxygen,  it  is  oxidised  to  ferric  oxide  and 
selenium  dioxide. 

The  higher  selenides  are  all  converted  into  the  monoselenide  by  re- 
duction with  hydrogen ;  the  subselenide  FegSe,  however,  could  not  be 

*  CompUi  Rendus,  toL  oxxz.  pp.  1710-1712 ;  Journal  of  th<  ChemioaX  Soeietjf^  voL 
Ixxviii.  p.  546. 
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J.— ANALYSIS  OF  IRON  AND  STEEL. 

The  Atomic  Weight  of  Iron.— T.  W.  Richards  and  G.  P.  Baxter* 
have  made  a  prelimiuary  series  of  seven  determinations  of  the  atomic 
weight  of  iron  by  reducing  ferric  oxide  to  metallic  iron.  Their  results 
seem  to  show  that  the  generally  accepted  figure,  56,  is  slightly  too 
high,  and  that  the  true  value  is  very  near  55*88. 

Statement  of  Analysis. — H.  S.  Washington  t  makes  a  plea  for 
uniformity  in  the  order  of  stating  the  constituents  determined  in 
analyses  of  rock,  and  gives  a  list  which  it  is  proposed  should  be 
followed. 

The  lack  of  uniformity  applies  not  only  to  rock  analysis,  but  to  all 
other  analyses,  and  a  general  system  of  uniformity  in  each  particular 
case  would  be  very  advantageous. 

A  Bibliography  of  Steelworks  Analysis.— H.  Brearleyl  has 
continued  the  publication  of  his  bibliography  of  steelworks  analysis. 
All  the  papers  relating  to  the  subject  published  in  the  Journals  of  the 
Iron  and  Steel  Institute,  the  Chemical  Society,  and  the  Society  of 
Chemical  Industry  are  classified  and  briefly  abstracted. 

*  Proceedinffs  of  the  American  Academy  of  Arts  and  Seienca,  toI.  zxxt.  No.  13 ; 
Chemical  Newi,  toU  Izxxi.  p.  174 ;  Zeit$ehrift  fUr  anorgetnieche  Chemie,  rol.  xziii. 
p.  255. 

t  American  Journal  of  Science,  vol.  x.  pp.  44-54. 

t  Chemical  New,  toL  Uxxi.  pp.  49,  64,  76 ;  vol  IxxxiL  pp.  6,  18,  26,  42,  180,  186, 
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Blicro-Ohemical  Analysis. — A  recent  article  *  discusses  the  use 

)f  micro-chemical  methods  of  analysis  as  adapted  to  iron  and  steel 

They  are  given  as  quantitative  only,  but  are  of  extreme  delicacy,  and 

capable  of  detecting  very  minute  traces  of  silicon,  tungsten,  sulphur, 

manganese,  chromium,  nickel,  cobalt,  and  copper.      It  is  possible, 

however,  that  they  may  be  used  to  some  extent  as  indicating  the 

^  quantities  present.    The  methods  are  described  in  some  detail.    For 

silicon  the  metal  is  dissolved  in  nitric  acid,  and  the  solution  is  heated 

in  a  platinum  spoon  with  sulphuric  acid  until  the  residue  is  nearly 

dry.    Ammonium  fluoride  is  then  added,  with  a  small  drop  of  water, 

and  the  spoon  is  covered  with  a  similar  platinum  spoon  which  has 

been  cooled  by  water.     Sublimation  is  then  carried  out,  the  sublimate 

being  received  on  the  moistened  spoon.    By  this  means  hydrofluosilicic 

acid  is  formed,  which  on  the  addition  of  sodium  chloride  forms  sodium 

fluosilicate.    This  salt  crystallises  on  a  varnished  slide  in  characteristic 

hexagonal  plates  and  stars,  and  in  more  concentrated  solutions  in 

elegant  six-rayed  rosettes,  with  a  faint  rose  tint  and  sharp  outlines. 

Phosphorus    is    shown   as   phospho-molybdate,   and    the    remaining 

solution  will  show  very  minute  traces  of  silicon  as  a  rubidium  silico- 

molybdate  with  the  use  of  proper  reagents.    Sulphur  is  shown  by  the 

formation  of  crystals  of  sulphate  of  calcium  or  of  lead,  manganese 

as  oxalate,  chromium  as  chromate  of  silver  or  lead,  tungsten  as  thallous 

tungstate,  cobalt  as  the  double  nitrate  of  potassium  and  cobalt,  and 

both  nickel  and  copper  are  best  seen  in  the  triple  nitrates  with  lead 

and  potassium. 

Determination  of  Carbon. — B.  Blount  t  has  made  experiments 
to  ascertain  whether  the  carbon  in  steel  can  be  determined  by  the 
direct  combustion  of  the  steel  filings.  He  found  that  if  the  filings 
without  further  subdivision  are  placed  in  a  porcelain  tube  heated  by  a 
Fletcher  burner  to  700""  or  SOC  C,  and  a  current  of  oxygen  is  passed 
over  them,  the  combustion  of  the  carbon  commences  at  a  rapid  rate, 
but  that  an  oxide  layer  soon  forms  on  the  steel  which  prevents  the 
further  oxidation  of  the  carbon.  The  author  then  used  a  flux,  such  as 
lead  oxide,  to  remove  this  oxide  film,  but  the  results  were  unsatisfac- 
tory in  that  no  tube  used  would  resist  the  action  of  the  litharge.  If, 
however,  the  steel  was  raised  to  a  temperature  of  1100''  to  1200*  C,  the 
combustion  of  the  carbon  in  from  3  to  5  grammes  of  filings  is  com- 

*  Colliery  Guardian,  vol.  Ixxx.  pp.  267-269. 
t  The  Analpsi,  vol  xxv.  pp.  141-144. 
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pletely  effected,  and  that  within  the  space  of  an  hour.  Metallic  iron 
particles  will  be  left,  but  they  are  quite  free  from  carbon.  Here  again, 
however,  the  tubes  offer  difficulties.  They  will  not  stand  the  high 
temperature  for  long,  and  frequently  fracture  during  the  experiments. 
Heating  in  oxygen  even  to  1200°  G.  does  not  enable  the  sulphur  to  be 
determined.  A  portion  is  burnt  out,  but  more  than  20  per  cent,  re- 
mains in  the  iron.  The  peculiarity  of  ''  kernel  roasting "  is  observed 
in  this  case,  the  sulphur  segregating  into  the  iron  kernel. 

F.  Ibbotson  *  and  H.  Brearley  give  some  methods  for  the  analysis  of 
tungsten  compounds.  Carbon  is  determined  by  ignition  with  oxides  of 
lead. 

George  W.  Sargent  t  describes  a  modification  of  the  ordinary  pro- 
cess of  burning  the  carbonaceous  residue  of  iron  and  steel  in  a  current 
of  air  or  oxygen.  The  air  or  oxygen  employed  is  first  passed  over  a 
red-hot  spiral  made  from  a  platinum  tube  17  inches  long  and  5*32 
inches  in  diameter.  This  gives  four  close  coils  |  inch  in  diameter, 
and  leaves  4  inches  extended  on  either  side.  The  object  is  to  fully 
oxidise  any  hydrocarbons  which  may  be  present  in  the  air,  and  the 
carbon  dioxide  formed  is  then  absorbed  in  a  Geissler  bulb  apparatus. 
The  carbon  is  placed  in  a  porcelain  boat  heated  inside  a  porcebun 
combustion  tube  and  the  resulting  gases  are  passed  through  a  tube 
containing  red-hot  copper  oxide  to  ensure  complete  oxidation.  It  has 
been  found  that  the  same  object  is  attained  by  passing  the  gases 
through  a  small  glass  tube  in  which  two  platinum  wires  were  fused,  so 
that  a  spark  would  be  produced  between  the  points,  when  a  current 
from  a  Rhumkorff  coil  passed  through  the  wires.  As  there  is,  how- 
ever, always  a  danger  of  stoppage,  the  use  of  copper  oxide  is  the  safest 
To  retain  traces  of  hydrochloric  acid  or  chlorine,  the  gases  are  after- 
wards passed  through  a  ^-inch  glass  tube  6  inches  long,  containing 
loosely  packed  coarse  wet  sand  held  in  place  by  two  small  discs  of 
copper  gauze  placed  at  either  end. 

Precautions  are  taken  to  prevent  overheating  of  the  corks.  The 
dried  gases  are  then  finally  absorbed  in  a  weighed  Geissler  apparatus 
of  somewhat  larger  size  than  usual,  and  containing  30  cubic  centimetres 
of  aqueous  caustic  potash  of  1*27  specific  gravity. 

G.  Auchy  I  discusses  the  Dougherty  method]  for  the  determination 
of  carbon  in  steel.     In  this  method  the  carbon  sponge  is  first  washed 

*  Chemical  News,  vul.  Ixxx.  p.  298. 

t  Journal  of  the  American  Chemical  Society,  vol.  xxii.  pp.  277-285. 

t  Ibid,,  pp.  3.^-343. 
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sample  in  45  cc.  1*20  nitric  acid,  add  permanganate  until  a  pink 
colour  or  a  manganese  oxide  precipitate  persists  after  a  few  minutes' 
boiling,  clear  with  ferrous  sulphate,  add  about  4  cc.  strong  ammonia, 
and  then  to  the  clear  hot  solution  30  cc.  of  the  molybdate  reagenU 
Shake  the  stoppered  flask,  allow  to  stand  a  few  minutes  at  70*  to 
80**  C,  pass  through  a  small  pulp  filter,  wash,  dissolve  off  yellow 
precipitate  with  a  few  drops  of  ammonia,  clearing  the  sides  of  the 
flask  with  the  same  solution  as  it  drops  from  the  end  of  the  funnel, 
pass  solution  again  through  the  filter  into  a  small  beaker  (200  cc), 
and  wash.  Add  10  to  12  cc  hydrochloric  acid,  10  cc  lead 
acetate  (40  grms.  per  litre),  and  heat.  In  the  washed-out  flask 
beat  a  mixture  of  ammonium  chloride  (  =  10  to  12  grms.  NH^Cl)  and 
50  cc  strong  ammonium  acetate ;  mix  the  two  solutions  in  the  flask 
with  shaking,  filter,  and  weigh  as  PbMoO^.  The  weight  multiplied  bj 
0*007  gives  the  weight  of  phosphorus  in  the  steel.  The  operation  is 
very  conveniently  performed  with  batches  of  four,  which  are  completed 
in  an  hour  and  a  half.  A  single  estimation  takes  about  forty  minutes. 
Some  noteworthy  futures  of  the  process  are  : — The  PbMoO^  is  quite 
insoluble  in  the  solutions  used ;  being  very  granular  it  filters  well,  and 
it  can  be  ignited  speedily  without  loss  of  weight,  and  it  weighs  more 
than  one  hundred  and  forty  times  heavier  than  the  phosphorus  to  be 
estimated. 

Determination  of  Silicon. — H.  Borntrager  *  finds  that  the  solu- 
tion of  ignited  ferric  oxide  in  hydrochloric  acid  is  more  easily  effected 
by  adding  some  manganese  dioxide.  Apparently  this  is  due  to  the 
chlorine  liberated. 

F.  W.  Bauer  t  gives  the  variations  by  six  different  methods  of 
determining  silicon  in  ferro-silicon  as  ranging  from  15*17  to  16*25 
per  cent.  Direct  fusion  with  sodium  carbonate  gives  the  lowest 
results* 

Determination  of  Snlphtgr. — M.  J.  Moore,  {  in  connection  with 
the  supposed  gain  of  sulphur  in  malleable  castings  after  annealing, 
refers  to  the  influence  of  treatment  of  the  metal  on  the  method  of 
determination.  When  the  evolution  method  is  followed,  the  sulphur 
sometimes  passes  off  in  a  form  not  soluble  in  the  absorbent,  and  so 
escapes   estimation.     A  number  of  results  are  given  to  show   the 

•  Zeitschrift  filr  Analytische  Ckemie,  vol.  xxxviiL  p.  774. 

t  Iron  Trade  Review,  May  31,  1900,  p.  20 ;  Iron  Age,  May  31.  1900,  p.  11. 

t  Irofi  Age,  May  3,  1900,  pp.  25-26. 
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methods  in  which  inorganic  acids  are  used  in  the  solution  of  the  steeL 
Such  acids  dissolve  slag  as  well  as  metal.  Even  very  dilute  acids,  the 
author  finds,  dissolve  considerable  quantities  of  slag.  Thus  when  slag 
which  had  been  squeezed  out  of  a  puddled  rail  was  treated  with  water 
containing  5  per  cent,  of  nitric  acid,  58  per  cent,  of  the  slag  passed 
into  solution.  A  portion  of  the  slag,  however,  resists  the  action  of 
even  strong  nitric  acid.  Thus  samples  of  iron  that  contain  slag  leave 
some  of  this  slag  undissolved  after  treatment  with  a  mixture  of  one 
part  of  nitric  acid  with  two  parts  of  water.  Hydrochloric  acid  exerts 
a  still  stronger  solvent  action. 

To  the  second  group  of  methods,  giving  results  that  are  too  high, 
belong  the  Eggertz  methods  so  frequently  employed.  These  consist 
in  principle  of  dissolving  the  iron  by  bromine  or  iodine  in  the  presence 
of  water,  the  slag  being  left  as  a  residue.  The  author  has  shown  that 
phosphides  of  iron  and  manganese  may  also  be  found  in  the  residue 
left  after  treatment  with  copper  chloride.  Iodine  and  bromine  also 
give  different  results.  Thus  P.  R  von  Mertens  found  in  the  same 
sample  of  weld  iron  0'93  per  cent,  of  slag  when  bromine  was  used  as 
the  solvent,  and  2*02  per  cent,  when  iodine  was  employed.  The 
author  has  obtained  similar  results.  The  residue  after  the  use  of 
iodine  contained  particles  of  iron.  Even  when  bromine  is  used,  such 
metallic  particles  may  be  left,  as  the  author  shows  in  the  cases  of  four 
samples  of  steel.  The  residues  left  were  all  high  in  phosphorus — in 
one  case  to  the  extent  of  14*2  per  cent.  Of  all  the  customary  solvents, 
bromine  is  the  one  that  acts  most  strongly  on  those  metallic  com- 
pounds occurring  in  iron  and  steel  that  are  difficult  to  dissolve.  Its 
action,  however,  is  very  considerably  less  energetic  if,  with  the  addi- 
tion of  a  bromide,  it  has  been  brought  into  aqueous  solution.  If,  for 
instance,  steel  is  shaken  up  frequently  for  several  days  with  a  solution 
of  bromine  in  potassium  bromide,  a  metallic  residue  will  still  remain. 
Well-marked  constituents  of  steel  separate  out  as  a  fine  grey  powder. 
The  aqueous  solution  of  bromine  in  iron  bromide  also  acts  somewhat 
feebly.  To  make  the  action  complete  the  solution  must  be  heated. 
The  method  which  the  author  recommends  is  the  following : — ^Place 
15  cubic  centimetres  of  bromine,  and  on  this  100  cubic  centimetres  of 
water,  in  a  beaker  which  will  hold  from  200  to  300  cubic  centimetres. 
Then  place  this  beaker  in  another  containing  water,  to  avoid  too  rapid 
an  action  when  the  iron  commences  to  pass  into  solution.  Next, 
charge  in  five  grammes  of  the  sample  in  some  finely  divided  form,  and 
shake  the  solution.     Continue  dissolving  in  the  cooled  beaker  until  no 
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be  taken  from  a  clean  surface.  If  the  filings  taken  are  too  small,  the 
smaller  particles  of  slag  are  readily  lost 

The  Analysis  of  Chrome  and  Tungsten  Steel— A.  G.  M'Kenna  * 

describes  his  methods  for  the  complete  analysis  of  chrome  and  tungsten 
steels.  Five  grammes  of  the  broken  sample  are  dissolved,  by  boiling, 
in  a  500  cubic  centimetre  evolution  flask  with  30  cubic  centimetres 
each  of  hot  water  and  hydrochloric  acid.  The  gas  is  passed  into 
ammoniacal  cadmium  chloride,  which  is  then  titrated  for  sulphur  with 
iodine  and  starch.  To  the  solution  10  cubic  centimetres  of  strong 
nitric  acid  is  added,  and  it  is  boiled  to  dryness,  taken  up  with  15  cubic 
centimetres  of  strong  hydrochloric  acid,  evaporated,  and  again  taken  up 
with  20  cubic  centimetres  of  the  acid,  and  diluted  to  100  cubic  centi- 
metres. Silica  and  tungstic  acid  are  filtered  off  and  washed  with 
5  per  cent,  nitric  acid  and  ignited.  After  weighing,  the  silica  is  driven 
off  with  hydrofluoric  acid,  and  the  remaining  tungstic  acid  is  weighed. 
The  filtrate  is  evaporated  to  a  small  bulk,  50  cubic  centimetres  of  acid 
are  then  boiled  in  it  to  expel  hydrochloric  acid,  and  after  fumes  cease  the 
solution  is  made  up  with  nitric  acid  to  200  cubic  centimetres ;  10  grains 
of  potassium  chlorate  are  added  to  the  boiling  solution,  which  is  then 
evaporated  to  75  cubic  centimetres.  The  manganese  is  thus  precipitated 
as  MnOg  and  filtered  on  an  asbestos  plug.  Chromium  is  titrated  with 
ferrous  sulphate  and  permanganate  in  the  solution  diluted  to  500  cubic 
centimetres.  Phosphorus  is  determined  by  molybdate  in  a  separate 
portion  from  which  silica  and  tungstic  acid  are  separated.  Carbon  is 
determined  by  ignition  of  the  residue  left  after  solution  in  potassium 
copper  chloride. 

Determination  of  NickeL — B.  Fieberf  adopts  a  colorimetric 
method  for  the  determination  of  nickel.  If  steel  containing  nickel  is 
dissolved  in  nitric  acid,  and  the  iron  precipitated  by  ammonia,  the 
degree  of  intensity  of  the  blue  coloration  of  the  filtrate  is  proportional 
to  the  percentage  of  nickel  present.  The  presence  of  relatively  large 
percentages  of  chromium  interferes  with  this  result.  Standard  solu- 
tions are  prepared,  which  are  then  used  for  the  purposes  of  comparison 
with  that  resulting  from  the  solution  of  the  steel  under  examination. 
To  prepare  these,  6  grammes  of  metallic  nickel,  the  percentage  of 

*  Proceedings  of  the  Engineers'  Society  of  Western  Pennsylvania,  voL  xri  pp.  119- 
121. 
t  Chemiker  Zeitwng,  voL  xxrv.  pp.  893-394. 
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molybdenam  with  sulpharetted  hydrogen.  The  molybdenam  sulphide 
precipitate  is  washed  with  a  flask  with  hot  ammoniam  snlphide  sola- 
don.  If  any  molybdenam  snlphide  should  remain  on  the  filter  paper 
that  cannot  be  removed  by  hydrochloric  add,  the  paper  must  be  in- 
cinerated, and  the  residues  fused  with  soda  and  sulphur.  The  various 
solutions  containing  the  molybdenum  are  mixed  together,  heated  for 
two  or  three  hours,  filtered,  again  heated  nearly  to  boiling,  and  then 
the  molybdenum  is  precipitated  by  hydrochloric  acid  of  1*124  specific 
gravity.  The  whole  is  then  boiled  until  no  more  sulphuretted  hydro- 
gen can  be  detected,  and  is  subsequently  filtered  through  a  weighed 
filter,  and  dried  at  a  temperature  of  120*  C.  A  portion  of  the  precipi- 
tate on  the  filter  is  subsequently  ignited  in  a  current  of  oxygen  until 
the  weight  is  constant  and  the  molybdenum  contents  is  calculated 
from  the  weight  of  the  molybdenum  sulphide,  MoSg,  so  determined. 

The  estimation  of  molybdenum  in  steel  and  steel-making  alloys  is 
exhaustively  discussed  by  F.  Ibbotson  ♦  and  H.  Brearley. 


II.— ANALYSIS  OF  IRON  ORES  AND  SLAG. 

Determinfttion  of  Iron. — L.  Blum  t  considers  the  question  of  the 
determination  of  iron  in  tap-cinder.  Such  determinations  made  by 
the  permanganate  or  stannous  chloride  methods  frequently  show  vary- 
ing results,  due,  the  author  shows,  to  the  almost  unfailing  presence  of 
vanadic  acid.  The  reducing  agents  employed  reduce  the  vanadic  acid 
as  well  as  the  ferric  salt,  and  it  subsequently  again  oxidises  and 
appears  as  so  much  iron  in  the  results.  Accurate  determinations  are 
only  possible  by  the  use  of  elaborate  gravimetric  methods.  The  author 
dissolves  half  a  gramme  of  the  substance,  separates  the  silica,  neutra- 
lises with  ammonium  carbonate,  dilutes,  and  precipitates  boiling  with 
ammonium  acetate.  The  precipitate  is  again  dissolved,  reprecipitated, 
washed,  dissolved  in  hydrochloric  acid ;  tartaric  acid  is  added,  and  the 
iron  is  then  precipitated  by  ammonium  sulphide.  The  precipitate  is 
allowed  to  settle  for  a  considerable  time.  Vanadium  sulphide,  phos- 
phoric acid,  lime,  and  alumina  remain  in  solution.  The  iron  sulphide 
is  washed  with  water  containing  ammonium  sulphide,  dissolved,  oxi- 
dised, precipitated  with  ammonia,  and  determined  in  the  ordinary 
manner.    When  the  cinder  itself  is  fused  with  potassium-sodium  car- 

♦  Chemical  Newt,  vol.  Ixxxi.  pp.  269271. 

t  Zeitwhrift  fUr  Analptitche  Ckemie,  vol.  zxxix.  pp.  16S-157. 
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Determination  of  Tungsten. — ^H.  Borntrager  *  decomposes  tung- 
sten ores  and  residues  by  fusing  one  gramme  of  the  finely  powdered 
material  for  an  hour  with  10  grammes  of  calcined  soda  and  heating  until 
the  whole  is  in  a  state  of  clear  fusion.  It  is  afterwards  extracted  in 
the  hot,  diluted  to  250  cubic  centimetres,  cooled,  and  filtered.  Each 
100  cubic  centiknetres  of  the  filtrate  is  then  equivalent  to  0*4  gramme 
of  the  substance,  and  to  this  quantity  of  solution  there  is  added  15 
cubic  centimetres  of  nitric  acid  and  45  of  hydrochloric  acid,  and  the 
mixture  is  then  evaporated  to  dryness  in  a  porcelain  dish.  The 
extraction  is  subsequently  made  with  a  solution  consisting  of  100 
grammes  of  ammonium  chloride,  100  grammes  of  hydrochloric  acid, 
and  1000  grammes  of  water,  then  filtered,  and  the  residue  washed 
with  hot  ammonia.  This  residue  may  consist  of  silica,  tungstic  acid, 
and  stannic  acid.  To  the  filtrate  nitric  and  hydrochloric  acids  are 
added  and  the  whole  again  evaporated  to  dryness.  The  tungstic  acid 
so  obtained  is  free  from  silica  and  oxide  of  tin,  and  after  ignition 
can  be  weighed  direct.  If  metallic  tungsten,  containing  oxygen, 
carbon,  antimony,  iron,  and  silica  is  to  be  analysed,  it  is  ignited  for 
half-an-hour  and  some  nitre  then  added  to  the  ignited  material 
Tungsten  alloys  are  treated  in  a  similar  way.  The  author  considers 
that  the  determination  of  tungsten  by  precipitation  with  mercury  leads 
to  very  inaccurate  results.  Commercial  tungsten  contains  from  95  to 
97  per  cent,  of  that  element. 

As  the  accurate  analysis  of  tungsten  ore  is  a  lengthy  operation,  the 
author  recommends  the  use  of  a  rapid  method  which  enables  the 
tungstic  acid  to  be  very  rapidly  determined,  and  gives  results  that  are 
accurate  within  5  per  cent.  The  ores  consist  of  ferrous  and  man- 
ganous  tungstates,  rendered  impure  by  sand,  lime,  magnesia,  antimony, 
tin,  lead,  cobalt,  nickel,  and  copper.  One  gramme  of  the  finely 
divided  ore  is  fused  for  an  hour  with  10  grammes  of  soda,  and  then 
extracted,  filtered,  and  weighed.  If  the  weight  of  the  residue  is 
subtracted  from  100,  the  approximate  percentage  of  the  tungstic  acid 
is  at  once  obtained. 

Analysis  of  Chrome  Iron  Ore.— According  to  R.  Fieber,t  0-5 
gramme  of  the  finely  powdered  ore  is  fused  in  a  platinum  crucible  with 
three  grammes  of  sodium  potassium  carbonate  for  10  minutes ;  when 

•  Zeitichrift  filr  Analytiacke  ChemiCt  voL  xxxix.  p. ^806 ;  Stahl  und  Eiten»  vol.  xx. 
p.  995. 

+  Ckemiker  Ztitung^  vol.  Jtxiv.  p.  338 ;  Journal  of  the  Chemical  Sooietp,  voL  Ixxviil 
p.  512. 
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mass  is  dissolved  in  water  containing  10  per  cent  of  sulphuric  acid, 
and  finally  made  up  to  500  ac.  One  hundred  cc  of  the  filtrate  are 
then  mixed  with  5  cc  of  hydrogen  peroxide,  and  the  colour  tJius 
produced  is  compared  with  that  of  a  series  of  ferruginous  solutions 
to  which  a  varying  amount  of  titanium  and  5  cc  of  hydrogen  peroxide 
have  been  added.  Iron  is  estimated  by  the  bichromate  method  in 
the  filtrate  from  the  silica. 


III.— FUEL   ANALYSIS. 

Apparatus  for  Determining  the  Oaloriflc  Value.— Gaetano 
Magnanini  and  V.  Zunino*  describe  a  modified  form  of  Lewis 
Thompson's  calorimeter,  in  which  the  use  of  an  oxidising  mixture 
to  burn  the  fuel  is  obviated,  and  the  combustion  carried  on  in  a 
steady  stream  of  oxygen.  A  series  of  fifteen  different  samples  of 
coal  were  examined  in  the  new  apparatus  and  good  results  obtained, 
the  calorific  values  found  being  in  every  case  but  two  higher  than 
the  numbers  yielded  by  the  Lewis  Thompson  method. 

Determination  of  Sulphur. — Pellet  t  deals  with  the  determina- 
tion of  sulphur  in  coal  and  other  bodies.  The  material  is  oxidised 
by  fusion  with  a  mixture  of  potassium  nitrate  and  sodium  carbonate. 
The  aqueous  solution  is  acidified,  and  the  sulphur  is  precipitated  as 
barium  sulphate. 

*  OazeUa  Chimica  Italitvna,  voL  xxxi.  pp.  395-401 ;  Journal  of  the  Chemical  Socitijf, 
vol.  Ixxviii.  p.  466. 
t  Paper  read  before  the  Paris  luieraatiooal  Congreas  of  Applied  Cbemiatry. 
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cassed  from  a  Gkrman  point  of  view.*    The  prodaction,  imports,  and 
exports  of  pig  iron  are  tabulated  as  follows : — 


Tear.  ProdaetioD.  Imports.  Exports. 


'<  Metric  Tons.  ,  Metric  Tuns. 

1891 7,525,301 

1893     .  ...        .  '      7,089,318  '        35,923 

1895 8,022,006  '         94,609 

1897 8,930,086  160,531 

1899 9,454,204  174,159 


Metric  Tons. 

853,580 

853,391 

880,433 

1,219,958 

1,401,365 


During  the  first  nine  months  of  1900  the  imports  of  pig  iron  into  the 
United  Kingdom  were  96,077  tons  as  compared  with  144,382  tons  in  ^ 
1899.  In  this  latter  year  91  per  cent,  of  these  imports  came  from  the 
United  States,  Sweden,  and  Spain.  The  imports  of  pig  iron  from  the 
United  States  were  only  3727  tons  in  1895,  but  as  much  as  82,284  tons 
in  1899.  The  exports  to  Germany  amounted  to  348,000  tons  in 
1897,  292,000  tons  in  1898,  and  438,000  tons  in  1899;  while  to 
Holland  it  was  220,000  tons  in  1897, 169,000  tons  in  1898,  and  266,000 
tons  in  1899.  Of  this,  most  evidently  went  to  Belgium  and  Germany. 
Proof  of  this  is  obtainable  from  the  fact  that  the  German  statistics 
show  that  the  imports  of  pig  iron  from  the  United  Kingdom  in  1899 
amounted  to  530,000  tons,  as  compared  with  the  438,000  tons  shown 
in  the  United  Kingdom  statistical  returns.  A  marked  feature  of 
recent  progress  in  the  United  Kingdom  export  iron  trade  is  shown  by 
the  increase  in  the  exports  of  ingots,  slabs,  &c.,  the  exports  of  which 
in  the  first  nine  months  of  1900  amounted  to  an  excess  of  177,443  tons 
over  the  imports  of  similar  products.  An  interesting  comparative 
tabular  review  shows  the  exports  to  the  various  colonies  and  to  other 
countries  in  1895  and  1899.  The  special  feature  in  the  statistics  of 
recent  years  is  believed  to  lie  in  the  large  increase  in  the  imports 
of  pig  iron,  semi-manufactures,  and  other  iron  trade  products  from 
the  United  States.  At  the  same  time  the  exports  from  the  United 
Kingdom  to  the  United  States  have  undei^one  a  diminution.  Thus, 
in  1895,  6000  tons  of  rails  were  exported,  and  only  81  tons  in  1899, 
while  of  tin-plate  the  exports  fell  from  225,000  tons  in  1895  to  60,000 
in  1899,  and  of  pig  iron  in  the  same  period  from  42,104  tons  to 
36,317  tons,  or  14  per  cent. 

Iron  Ore  Supply. — A  report  to  the  British  Iron  Trade  Association 
by  J.  S.  Jeans  f  deals  with  the  iron  ore  supplies  available  for  the  British 

•  Stahl  und  Ei$en,  voL  xx.  pp.  1077-1080. 

t  Inm  and  Coal  Trade$  Beview,  voL  be  pp.  1192-1194. 
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exports  is  considered,  and  the  imposition  of  an  export  duty  is  advocatei, 
as  is  also  the  appointment  of  a  Royal  Commission. 

The  threatened  exhaustion  of  Britain's  cheap  coal  supplies  is  deilt 
with  by  J.  S.  Jeans  *  in  a  series  of  articles,  and  a  number  of  letters 
on  the  British  coal  resources  and  exports  have  been  pnblishedt 
Amongst  the  contributors  are  J.  B.  Simpson,  £.  Hull,  T.  Fcnter 
Brown,  C.  H.  Vincent,  D.  A.  Thomas,  and  G.  Harwood. 


II.— A  USTBALASIA, 


Coal  in  Queensland.  —  In  the  Budget  statement  of  the  Hoc 
Robert  Philp,  Premier  and  Treasurer  of  Queensland,  it  was  stated 
that  the  production  of  coal  in  1899  was  494,000  tons,  being  an  in- 
crease of  80,000  tons  over  that  of  the  preceding  year.  Hitherto,  tk 
consumption  of  coal  has  been  purely  local;  indeed,  the  mines  hxft 
been  unable  to  supply  the  requirements,  the  reason  being  the  remote- 
ness of  the  coal-beds  from  water-carriage.  The  increased  demand  for 
coal  all  over  the  world  has  no  doubt  been  the  cause  of  attention  bdi^ 
again  directed  to  the  great  stores  of  this  article  that  the  Colony  {kb- 
sesses,  and  it  seems  probable  that  an  effort  will  be  made,  not  only 
to  supply  all  local  wants,  but  to  look  for  markets  ontside  tbe 
Colony.  It  is  estimated  that  within  the  area  of  the  Blair  Athol 
coalfield — about  five  square  miles — ^thcre  are  7,000,000  tons  of  the 
finest  quality  of  Clarmont  coal,  and  about  56,000,000  tons  of  a 
slightly  inferior  quality  in  a  lower  seam  not  yet  mined,  irrespectiTe 
of  other  seams  that  may  exist  at  greater  depths.  A  remarkable  dis- 
covery  of  anthracite  coal  was  lately  reported  to  have  been  made  on  tht 
Dawson  River.  The  seam  is  1 1  feet  thick,  and  the  coal  is  very  heiTj 
and  compact.  As  the  coal  country  extends  westerly  from  the  Dawtos 
for  many  miles,  the  quantity  of  anthracite  is  enormoua  No  otiier 
coal  of  the  same  character  has  been  found  in  Australia,  so  that  Uk 
deposit  will  be  a  very  material  factor  in  metallurgical  opermtioc> 
within  the  Colonies,  and  may  become  of  international  importancoL  Ai 
to  Collide  Creek,  situate  about  50  miles  in  a  south-westerly  directkc 
from  Gladstone,  so  long  ago  as  1892  the  Assistant  Government  Credo- 
gist  reported  that,  over  the  area  already  proved,  there  was  suffickn: 

*  Iron  and  Coal  Trades  Review,  voL  Ix.  pp.  931,  977, 1025. 
t  Jbid,,  pp.  933,  978, 1028, 1223. 
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machinery  in  use,  of  the  workmen  employed,  of  the  accidents  that 
occurred  during  the  year,  and  of  the  miners'  provident  clubs.  In  all 
the  Austrian  mines  in  1898  there  were  61  winding  engines  with  an 
aggregate  horse-power  of  3161,  53  pumping- engines  with  a  horse- 
power of  3891.  There  were  employed  116,160  men,  6489  women, 
and  6036  lads.  During  the  year  there  were  ten  fire-damp  explosions, 
no  miners  being  killed,  but  eight  being  severely  and  ten  slightly 
injured. 

The  Iron  Industry  of  Austria. — ^C.  R.  von  Ernst*  considers 

generally  the  progress  that  has  been  made  by  the  iron  industry  in  the 
nineteenth  century,  and  in  particular  the  share  that  Austria  has  taken 
in  it  The  first  half  of  the  century  is  marked  by  the  steady  replace- 
ment of  vegetable  by  mineral  fuel  in  blast-furnace  practice,  and  in 
the  subsequent  treatment  of  the  metal ;  while  in  the  second  half  the 
steady  transition  from  the  manufacture  of  weld  iron  to  that  of  ingot 
metal  is  most  marked,  and  steel  has  replaced  iron.  The  impulse  for 
each  of  these  changes  has  come  from  the  United  Kingdom.  In  this 
country  coal  was  generally  employed  in  iron  metallurgy  at  the  com- 
mencement of  the  century,  but  in  all  other  countries  charcoal  was  in 
general  use,  and  coke  was  only  employed  successfully  in  Upper  Silesia. 
In  the  chief  iron-producing  districts  of  Austria  the  conditions  were 
more  unfavourable  to  the  use  of  coal  than  anywhere  else;  but  not- 
withstanding this,  it  came  into  use  at  a  relatively  early  date.  The 
largest  Austrian  furnace  was  at  that  time  the  Egger  furnace  at  Treibach, 
in  Carinthia;  those  at  Rohnitz  in  Hungary,  the  Joseph  furnace  at 
Reschitza,  and  the  Strimbul  furnaces  in  Transylvania  were  the  largest 
in  Hungary.  They  varied  in  height  from  about  24  feet  to  37*5  feet, 
while  the  maximum  daily  out-turn  of  such  a  furnace  was  about  6|  tons. 
The  author  compares  this  out-turn  with  an  out-turn  of  720  tons  in  one 
day  stated  to  have  been  obtained  at  blast-furnace  No.  3  of  the  Carnegie 
steelworks  in  July  1898.  The  first  coke  blast-furnace  in  Austria  was 
erected  in  1821  at  the  Sternberg  works  at  Darowa  in  Bohemia,  after 
experiments  by  A  Obersteiner  had  shown  that  Bohemian  coal  could 
be  converted  into  suitable  coke.  Nine  years  later  the  first  important 
coke  oven  plant  was  built  at  Witkowitz,  and  this  really  introduced  the 
coke  blast-furnace  practice  permanently  into  Austria.  As  the  manu- 
facture of  coke  spread,  foundry  practice  underwent  important  changes. 

•  ZeiUchrifi  da  Otaterreiehitchen  Ingenieur  und  Archiiekien-Vertinet,  voL  lii.  pp. 
821-322. 
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Mineral  StatUrtict  of  Hungary. — ^The  prodnedon  of  Huogarj  in 
the  year  1898  included  the  foilowin^  the  figures  for  1897  being  also 
shown  ;* — 


1B8T. 


Brown  cool 
Coal    . 
Bnqoeitea  . 
Coke  . 

Forge  pig  iron 
Fonndiy  pig  iron 
Manganeee  ores  . 


letricToDA. 

Metric  Toom. 

3,863,311 

4,20*5  694 

1,072,549 

1,239,498 

27,022 

31,781 

7,219 

8,190 

402,503 

44^,621 

17,398 

20,784 

58 

65 

The  accidents  in  the  Hungarian  mines  and  works  were  as  follows  in 
the  year  1898: — Collieries,  22  fatal  and  51  severe;  brown  coal  mines, 
28  fatal  and  83  severe ;  iron  ore  mines,  17  fatal  and  27  severe ;  iron- 
works, 2  fatal  and  6  severe.  The  workpeople  employed  numbered 
9581  in  tiie  collieries,  20,634  in  the  brown  coal  mines,  11,783  in  the 
iron  ore  mines,  and  6498  in  the  ironworks.! 


Mineral  Statistics  of  Bosnia  and  Herzegovina.— The  official 

statistics  for  the  year  1899  show  the  mineral  production  of  Bosnia  and 
Herzegovina  to  have  included  :  J — 


'   ^«^- 

Increase  or 

Decrease,      i 

1 

Metric  Tons. 

1 
Metric  Tons. 

Iron  ore      

67.085 

+8.552 

,  Chrome  ore 

196 

-    262 

j  Manganefte  ore    . 

5,2«i6 

-      54 

1  Pig  iron 

13.749 

-1,587 

I  Castings 

1.109 

+    167 

Open-hearth  ingots 

10,080 

+  1,410 

Boiled  iron 

9.939 

+  1,428 

Charcoal,  cubic  metres 

105.700 

-23,512 

The  reduction  in  the  production  of  pig  iron  was  due  to  a  blast-furnace 
having  undergone  rebuilding  during  the  year. 

The  quantity  of  brown  coal  mined  during  1899  was  303,425  metric 
tons,  this  being  an  increase  of  32,242  tons  as  compared  with  the  pro- 
duction in  1898.  At  these  brown  coal  mines  887  workpeople  were 
employed  in  1899,  as  compared  with  777  in  1898.     At  the  iron  ore 

•  OeiteiTeichigehe  ZeiUchrift  fUr  Berg- und  HUUm¥>e$en,  voL  xlviii  pp.  170-172. 
t  /6id.,  pp.  159-160.  t  Ibid,,  pp.  836-338. 
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and  the  profit  per  ton  was  1*59  francs.  The  output  per  miner  was 
233  tons.  The  greatest  depth  attained  was  3560  feet,  at  the  Produiu 
colliery.  The  production  of  coke  was  1,670,620  tons,  the  number  of 
coke  ovens  in  operation  being  2947. 

Libert*  has  furnished  the  Belgian  Government  with  his  annual 
report  on  the  coal-mining  industry  of  the  province  of  Namur.  The  coal 
output  of  the  province  in  1899  was  641,360  tons,  an  increase  of  28,960 
tons  over  that  in  1898.  The  average  depth  of  the  workings  is  313 
yards.  The  deepest  shaft  is  the  Sainte-Eugenie  pit  of  the  Tamines 
colliery,  which  is  1771  feet  deep.  The  collieries  afforded  employment 
to  3310  persons,  of  which  2371  were  employed  underground. 


Y.— CANADA. 

Mineral  Statistics. — ^The  mineral  statistics  of  the  Dominion  of 
Canada  for  1899  t  comprise : — 

Tons. 

Iron  ore 69,997 

Chrome  iron  ore 1,796 

CJoal 4,142,242 

Coke 91,463 

Fireclay 643 

Limestone  for  flax 48,266 

Manf^aoese  ore 279 

Nickel  ore 2,605 

Moulding  sand 12,460 

The  production  of  crude  petroleum  was  808,570  barrels. 

The  Iron  Industry. — The  production  of  all  kinds  of  pig  iron,t 
including  spiegeleisen  and  ferro-manganese,  in  1899  in  Canada,  was 
94,077  tons,  of  which  17,796  tons  were  charcoal  pig  iron.  The  pro- 
duction of  steel  ingots  was  22,000  tons. 

During  the  Canadian  meeting  of  the  American  Institute  of  Mining 
Engineers,  visits  were  paid  to  the  Dominion  Iron  and  Steel  Company's 
Works  in  course  of  erection  at  Sydney,  to  the  ore  deposits  at  Belle 
Island,  and  to  the  collieries  of  the  Dominion  Coal  Company,  besides 
other  works.  The  steel  plant  will  draw  its  metal  from  four  350-ton 
furnaces  and  is  intended  to  produce  1400  tons  daily.  A  by-product 
coke  oven  plant  to  supply  coke  and  illuminating  gas  is  also  in  course 

•  MoniUur  det  InUriU  MaUHds,  vol.  1.  pp.  1933-1934. 
+  The  Mineral  Industry,  vol.  viii.  p.  824. 

t  AnntuU  StatUtieal  Report  of  the  American  Iron  and  Steel  Assoeiationj  Philadelphia, 
1900,  p.  70. 
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The  figures  are  practically  the  same  as  those  for  the  correspoDding 
period  of  last  year. 

The  French  imports  and  exports  *  during  the  first  half  of  this  year 
included : — 


Imports. 


Exports. 


„  Metric  Tons.  Metric  Tons. 

Coke 760,210  36,690 

Iron  ore 1,049,950  186,863 

Pig  iron 87,314  72,838 

Wrought  iron      ....  27,411  16,963 

Steel 12.785  9,763 


Iron  Ore. — Of  the  5,000,000  tons  of  ore  raised  annually  in  France, 
4,000,000  are  obtained  from  the  minette  district,  while  of  the  2*5 
million  tons  of  pig  iron  made,  some  1*5  million  is  obtained  from 
minette  ores.  The  seams  of  ore  reach  to  about  20  feet  in  thickness, 
with  from  36  to  42  per  cent,  of  iron.  In  places  this  percentage  faUs 
to  as  low  as  27.  New  blast-furnaces  are  being  erected  near  Nancy, 
Villerupt,  and  in  the  Upper  Orme  valley,  and  when  these  are  finished 
this  ore  field  will  have  80  blast-furnaces.  Bore-holes  which  have  been 
put  down  have  proved  around  Briey  at  least  2000  million  tons  of  ore.  f 

The  Paris  Exhibition. — The  Paris  Exhibition,  from  April  15  to 
November  12,  was  visited  by  50,859,935  persons,  47,076,803  tickets 
having  been  used.  At  the  Exhibition  of  1889  the  number  of  tickets 
used  was  28,149,352.  The  Exhibition  naturally  gave  rise  to  the  publi- 
cation of  a  large  amount  of  technical  literature,  to  some  of  which 
reference  has  already  been  made  in  this  volume.  The  metallurgical 
exhibits  are  described  in  H.  Bauerman's  paper  and  elsewhere.  | 

Le  Mots  Scientifique  et  Indusirtd  devotes  a  special  section  to  ab- 
stracts of  important  memoirs  dealing  with  the  Paris  Exhibition.  One 
of  the  most  interesting  articles  is  that  by  6.  Eude,  dealing  with  the 
mechanical  installations  at  the  Exhibition.  Motive  power  was  produced 
in  the  form  of  electrical  energy.  The  most  powerful  plant  of  French 
construction  was  that  made  by  the  Alsatian  Company,  which  has  an 
indicated  horse-power  of  1200  and  a  power  of  675  kilowatts.  The 
most  powerful  of  the  foreign  plants  was  the  Willans  and  Robinson  steam- 

*  ComiU  det  Forges,  Bulletin,  No.  1637. 
t  Stahl  und  Eiaen,  toL  xx.  p.  845. 

t  Engineering  News,  vol.  xliv.  pp.  48-49  ;  Ironmonger,  vol.  xcii.  July  7,  1900 ;  Ircn 
and  Coal  Tradet  Review,  voL  Iz.  p.  1228 ;  voL  Ixi,  Supplement,  Auguit  10, 1900. 
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and  Luxemburg,  were  as  follows  in  1899,  according  to  the  statistics 

collected  by  the  Verein  deutscher  EisenhiUtenletde :  * — 

Metric  Tons. 

Prodaction 8,029,305 

Imports 675,793 

Exports 236,194 

The  consumption  of  pig  iron  in  Gkrmany  shows  a  steady  increase  since 
1891,  when  it  amounted  to  4,720,242  tons.  In  1899  the  consumption 
was  as  much  as  8,469,904  tons,  while  in  1884  it  was  only  3,599,106 
tons.  In  1894  and  1895  the  exports  of  pig  iron  from  Germany  slightly 
exceeded  the  imports,  but  in  every  other  year  since  1887  the  reverse 
had  been  the  case. 

The  present  position  of  the  iron  industry  of  Germany  is  discussed.! 
The  progress  made  has  of  recent  years  been  extremely  rapid,  but  of 
late  the  enormous  production  in  the  United  States  and  the  troubles  in 
China  have  greatly  affected  the  position  for  the  worse,  and  it  seems 
possible  that  the  iron  trade  of  Germany  may  suffer  seriously.  How 
rapid  has  been  the  increase  in  the  production  is  shown  in  tabular  form. 
The  first  table  shows  the  production,  consumption,  imports  and  exports 
of  pig  iron  in  the  German  Customs  Union  for  each  of  the  years  1891- 
1899.  The  annual  percentage  increase  in  production  has  been  as 
follows,  each  year  being  compared  with  the  preceding  one :  6*4,  0*3, 
12-2,  41,  9-9,  8-3,  7*5,  and  84.  For  the  years  shown  the  details  are 
as  follows : — 


Year. 

Production. 

Metric  Tons. 
4,641,217 

Consumption. 

Metric  Tons. 
4,720,242 

Imports. 

Exports.      1 

1891    . 

Metric  Tons. 
244,256 

Metric  Tons. 
111,154 

1895    .... 

5,788,798 

5,768,251 

188,217 

135,289 

1899    .... 

8,029,305 

8,469,904 

612,652 

182,091 

In  the  first  eight  months  of  1900  the  production  has  been  5,469,014 
tons  as  compared  with  5,367,509  tons  in  the  similar  period  of  the  previous 
year.  This  is  an  increase  of  1  *9  per  cent,  only,  while  simultaneously 
the  imports  of  pig  iron  into  Germany  during  these  periods  have  risen 
from  383,223  tons  in  the  first  eight  months  of  1899  to  485,195  tons 
in  1900,  and  the  exports  have  fallen  from  125,461  tons  to  82,549  tons. 
If  the  imports  of  pig  iron  should  continue  at  the  same  rate,  it  would 


*  StaJil  und  Eiten^  vol.  xx.  p.  283. 
t  /Md.,  pp.  1029-1033. 
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which  show  how  great  has  been  the  increase  in  the  general  iron  trade 
exports  of  the  United  States  daring  the  first  seven  months  of  1900  as 
compared  with  the  similar  period  of  1899.  Fourteen  different  kinds 
of  iron  and  steel  ingots,  slabs,  and  manufactures  are  quoted.  The 
total  quantity  of  these  which  was  exported  from  the  United  States  in 
the  first  seven  months  of  1899  was  365,704  tons,  and  in  the  same 
period  of  1900,  421,020  tons ;  the  exports  of  steel  rails  included  in 
these  totals  having  been  respectively  129,501  tons  and  222,308  tons. 
The  ocean  freight  charges  from  the  United  States  to  Germany  are  now 
about  £1  per  ton. 

The  production  of  basic  ingot  metal  in  Germany  has  been  as  fol- 
lows : — 


Year. 

Converter. 

Open-Hearth. 

TotaU. 

Metric  Tons. 
3,241,272 
3,539,203 
4,538,637 
5,667,050 

1894  ...        . 

1895  ...        . 
1897      .... 
1899      ...        . 

Metric  Tons. 
2,342,161 
2,620,396 
3,234,214 
3,973,225 

Metric  Tons. 

899,111 

1,018,807 

l,304,42:i 

1,693,825 

It  will  be  seen  that  the  percentage  increase  in  out-turn  has  been  very 
great,  especially  in  the  case  of  the  open-hearth  metal.  In  another 
table  is  shown  the  production  of  castings.  In  1891  the  castings  made 
amounted  to  1,050,217  tons,  and  in  1899  to  1,769,101  tons.  The 
finished  manufactures  of  weld  iron  and  of  ingot  iron  were  respectively 
1,411,653  tons  and  1,841,063  tons  in  1891,  and  1,103,740  tons  and 
4,791,022  tons  in  1899.  The  latter  has  therefore  shown  an  enormous 
increase  during  this  period,  while  the  weld  iron  shows  a  considerable 
diminution. 

The  last  table  given  relates  to  the  German  imports  and  exports 
of  iron  and  iron  wares,  not  including  pig  irou,  scrap,  or  machines, 
the  figures  for  each  of  the  years  1891-1899  being  given,  and  also  a 
comparative  statement  for  the  first  eight  months  of  1899  and  1900. 
These  figures  were  as  follows  : — 


Year. 

Imports. 

Exports. 

1891 

1895 

1897 

1898 

Metric  Tons. 

76,485 

68,673 

103,658 

164,046 

Metric  Tons. 
1,034,808 
1,307.762 
1,263,963 
1,274,693 

T.«. 


-4f 


604 


THE  IKON  AND  STEEL  INDUSTRIES. 


The  production  of  coal  in  Prussia  has  increased  from  64,373,816 
tons  in  1890  to  94,778,252  tons  in  1899,  while  the  output  of  the  Ruhr 
basin  has  increased  from  35,517,083  tons  to  54,494,000  tons  during 
the  same  period,  and  that  of  the  collieries  belonging  to  the  Rhenish- 
Westphalian  syndicate  from  33,539,230  tons  in  1893  to  48,024,014 
tons  in  1899.  The  production  of  the  Saar  collieries  was  6,212,540 
tons  in  1890,  and  that  of  the  collieries  of  Upper  Silesia  in  the  same 
year  16,870,886  tons,  the  figures  for  1899  being  respectively  9,025,071 
tons  and  23,527,317  tons.  Since  1892  the  output  of  coal  in  each  dis- 
trict has  shown  a  steady  increase  year  by  year.  A  number  of  other 
details  are  also  given. 

As  an  introduction  to  the  German  mining  exhibits  at  Paris,  an 
excellent  essay  on  the  mining  industry  of  Germany  has  been  prepared 
by  C.  Engel.*  A  good  idea  of  the  importance  of  the  industry  is  afforded 
by  the  sum  paid  as  wages.  In  1897,  the  last  year  for  which  exact 
and  complete  statistics  are  available,  the  insurance  against  accidents 
in  mines  and  works  included  455,417  undertakings  and  a  total  of 
6,043,000  workmen,  the  wages  being  £212,681,030.  The  Miners' 
Association  alone  comprised  1838  mines  and  459,000  workmen  (7*7 
per  cent,  of  the  total),  whilst  the  wages  represented  10*8  per  cent,  of 
the  total.  The  seven  Metallurgical  Associations  comprised  21,681 
works  and  675,000  workmen  (11  "2  per  cent,  of  the  total),  whilst  the 
wages  represented  14*2  per  cent,  of  the  total  The  growth  of  the 
mining  industry  is  well,  shown  by  the  following  figures  dealing  with 
the  Dortmund  district : — 


Year. 

Number  of 
Oollieries. 

Production. 

Thousands 

of  Tons. 

Number  of 
Miners. 

1792      ...        . 

154 

177 

1,357 

1800 

158 

231 

1,646 

1830 

172 

571 

4.457 

1860 

198 

1,606 

12,741 

1870 

220 

11.813 

61,891 

1890 

177 

35,469 

127,794 

1898      .... 

168 

51,002 

191,846 

Imports  and  Exports. — The  imports  and  exports  of  the  German 
Customs  Union  included  the  following  in  the  year  1899 :  t — 


*  German  OfQcial  Catalogue, 
t  Oeaterreichiache  ZeiUchriftfilr  Berg-  und  HiUtenweun,  voL  xlWiu  p.  199. 
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Tbe  total  raloe  of  these  iron  aod  steel  bnporti,  exdndhig  iroo  ores, 
was  £4,350,300  in  the  first  half  of  1899,  and  £5,768,000  in  the  first  half 
of  1900,  while  the  yaloes  of  the  similar  exports  were  for  these  p^ods 
respectively  £16,481,950  and  £18,022,100. 

Inm  Trade  Statistics  of  Upper  Silesia.— In  the  year  1899,* 

there  were  in  Upper  Silesia  59  collieries  provided  with  1086  s(e«in> 
engines  of  102,122  horse-power,  the  dmilar  figures  for  1898  having 
been  respectively  55,  1035,  and  91,807.  The  workpeople  employed 
numbered  63,115,  or  6-2  per  cent,  more  than  in  the  previous  year.  Of 
this  number  3783  were  females.  The  average  wages  earned  during  1 899 
per  workman  over  sixteen  was  £45,  16s.,  and  under  sixteen,  £13,  ITs. 
A  woman  earned  on  the  average  £14,  10s.  The  production  of  coal 
was  23,527,317  metric  tons,  an  inciease  of  1,025,118  tons,  or  4*6  per 
cent,  as  compared  with  the  production  in  the  previous  year.  The  iron 
ore  mines  numbered  43,  an  increase  of  one  on  the  year.  The  work- 
people employed  numbered  2982,  an  increase  of  96,  and  the  production 
amounted  to  435,110  tons,  this  representing  an  increase  on  the  year  of 
4'0  per  cent.  The  average  quantity  of  coal  wound  per  workman  was 
372'8  tons,  and  of  iron  ore  140*57  tons.  The  production  of  coal  was 
as  follows  in  those  parts  of  the  Silesian  coal  basin  which  are  not  parts 
of  the  German  Empire : — 

Inerase. 


Diatrict. 

Production. 

Moravian  Ottrau 

Jaworzno 

RuMian  Poland  .        .        .         . 
1  Add  for  Upper  Sileiia  proper    . 

Total  for  the  whole  basin  . 

Metric  Tons. 

,       6.252,163 

869,320 

1       3,904,996 

23,627.317 

1     34,553,796 

Metric  Tons. 

295.305 

97,095 

I         17.709 

1,025,118 


1,435,227 

The  coke  blast-furnaces  in  Upper  Silesia  proper  numbered  40,  an  in- 
crease of  three.  Of  these,  34  were  in  blast,  this  being  an  increase  of  two. 
Tlie  workpeople  employed  numbered  4588,  an  increase  of  570,  and 
744,466  tons  of  pig  iron  were  produced,  an  increase  of  9*7  per  cent,  on 
the  year.  While  the  production  of  forge  pig  iron  diminished  by  3  per 
cent,  of  the  total  production,  that  of  basic  pig  iron  has  risen  16*7  per 
cent.  The  exports  of  pig  iron  to  Austria-Hungary  amounted  to  only 
700  tons,  or  520  tons  less  than  in  the  preceding  year.  A  workman 
over  sixteen  averaged  a  wage  for  1899  amounting  to  about  £46,  IDs. 

*  Oetterreichuehe  Zeitschrift  fUr  Berg-  und  HUUenweMen,  yoL  zlviii.  pp.  326-329. 
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The  oQtpat  of  the  blast-fomaees  shows  an  increase  of  16  per  cenk 
on  the  year.  Eighteen  per  cent  of  this  total  ontpnt  was  subject  to 
farther  treatment  within  the  district,  while  65  per  cent,  went  to  other 
parts  of  G^ermanj,  and  17  per  cent  to  foreign  conntiies. 

The  Iitm  Indnitry  of  Lorraine. — ^It  is  proposed  to  canalise  the 

rirer  Moselle  from  Metz  to  Coblentz,  and  Heidegger,*  in  describing  the 
proposal,  shows  how  it  woald  advantage  the  iron  industry  of  Lorraine. 
In  1885  there  were  in  LornuDe  some  18  blast-fomaces,  using  about 
500,000  tons  of  coke  a  year.  Now  there  are  about  45  furnaces, 
and  the  annual  consumption  of  coke  is  far  more  ihan  three  times  as 
much  as  it  then  was.  The  production  of  iron  ore  in  Lorraine  was  as 
follows  in  1899  :— 

Metrie  Tons. 

Smelted  in  Lorraine 3,739,536 

Sent  by  raUway  to  the  Saar 1,348,804 

Sent  to  Westphalia  and  the  Rhine  distriet  .  701,666 

Sent  to  Luxemhourg 550,306 

Sent  to  France 477.696 

Sent  to  Belgiam 154,683 

Total 6,972,690 

The  production  of  iron  at  the  Lorraine  blast-furnaces  amounted  to: — 

Pig  iron 1,290,164 

Weld  iron 70,324 

Ingot  iron 234,938 

Foundry  products 17,946 

In  addition  there  were  also  exported  from  Lorraine  72,330  tons  of 
semi-manufactures,  steel  billets,  &c  The  workpeople  employed  in 
the  mines  and  smelting  works  of  Lorraine  in  1899  numbered  over 
22,500,  these  being  distributed  as  follows : — 

Niunher. 

Mines 8,638 

Blast-furnace  plants 7,568 

Weld  and  ingot  ironworks 5,929 

Foundries 400 

Total 22,535 

There  were  also  employed  at  various  other  works  in  Lorraine  4248 
workpeople.  These  works  included  those  making  ground  basic  slag 
and  slag  bricks,  of  which  considerable  quantities  are  now  being  made. 
The  author  deals  at  much  length  with  the  question  of  the  com* 
mercial  advantages  which  would  be  derived  from  this  canalisation  of 
the  Moselle,  and  with  the  cost  and  other  details  of  the  scheme. 
*  SUM  und  Eiten,  vol.  xx.  pp.  805-814. 
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There  was  also  produced : — 

Tons. 

Graphite 5,196 

Petroleum 68 

Ochre 9,387 

FirecUy 271,792 

The  Bavarian  metallorgical  prodaction  in  1899  comprised  : — 

Tons. 

Pig  iron 83,821 

Cut  iron 92,468 

Bar  iron 61,414 

Iron  wire lU 

Steel 134,007 

The  Kmpp  Steelworks. — ^An  account  is  published*  of  the  Knipp 
Steelworks  at  Essen.  The  Krupp  Company  owns  steelworks  at  Essen, 
at  Annen  on  the  Weser,  at  Buckau  near  Magdeburg ;  four  blast-furnace 
plants  at  Duisburg,  Neuwied,  Engers,  and  Bheinhausen;  a  smelting 
works  and  machine  shops  near  Sayn ;  four  collieries;  over  500  iron  ore 
mines  in  Germany,  of  which  11  are  deep  mines  with  complete  winding 
and  general  plants ;  various  iron  ore  mines  near  Bilbao ;  a  gun-proving 
ground  some  10  miles  in  length  near  Meppen,  and  with  the  possibility 
of  increasing  the  range  to  about  15  miles ;  three  ocean-going  steamships, 
quarries,  claypits,  sandpits,  &c.  It  also  works  the  shipbuilding  and 
machine  construction  works  of  the  Gkrmania  Company  at  Berlin  and 
Kiel.  The  cast-steel  works  at  Essen  are  chiefly  employed  in  gun 
construction.  Down  to  the  end  of  1899,  38,478  guns  had  been  con- 
structed at  this  works,  which  has  in  operation  two  Bessemer  plants 
provided  with  15  converters,  four  open-hearth  plants,  and  numerous 
other  furnaces  and  shops.  Altogether  some  1700  different  furnaces, 
smith's  fires,  &c.,  were  in  operation  at  this  works  in  1899,  together  with 
4000  different  machines  and  132  steam-hammers,  varying  from  0*1  ton 
to  50  tons  falling  weight,  their  total  falling  weight  being  269  tons. 
There  were  also  in  use  over  30  hydraulic  presses,  two  of  which  were 
each  of  5000  tons  power,  one  of  2000,  and  one  of  1200  power.  The 
total  horse-power  of  the  various  steam-engines  used  was  41,213,  and 
there  were  in  use  558  cranes  with  a  total  carrying  power  of  5963  tons. 
The  total  quantity  of  coal  and  coke  consumed  by  the  Krupp  Company 
during  the  year  by  all  its  works,  steamers,  &c.,  was  1,570,483  tons. 
The  Bheinhausen  blastrfurnace  plant  possesses  three  blast-furnaces,  each 
of  which  produces  on  the  average  230  tons  of  pig  iron  in  twenty-four 

*  Annnal  Report  of  the  Essen  Chamber  of  Oommerce ;  Stahl  und  Eiten,  yoI.  xz. 
p.  926. 
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material  used  is  shown  by  aid  of  a  number  of  illustrations  showing 
the  result  of  various  collisions,  &c  The  larger  steamship  eompanies 
are  also  briefly  mentioned.  It  is  incidentally  pointed  out  that  the 
Kaiser  Wilhelm  der  Grosse  consumes  3000  tons  of  coal  in  a  sin^e 
passage  between  Europe  and  America. 

Iron  Ore  in  Lnzembnrg. — Although  the  Grand  Dachy  of  Lux- 
emburg is  small,  it  possesses  great  riches  in  iron  ores  of  excellent 
quality.  The  growth  of  the  mining  industry  is  well  shown  by  figures 
given  by  T.  Kellen.*  In  1870  the  output  of  iron  ore  was  911,700 
tons,  whilst  last  year  it  was  6,014,400  tons,  valued  at  £649,500.  The 
oolitic  iron  ore,  known  as  minette,  extends  over  a  zone  10  to  15  miles 
in  width  and  60  miles  in  length  from  Luxemburg  over  German 
Lorraine  into  French  Lorraine.  The  percentage  of  iron  varies  from 
30  to  40. 


IX.— INDIA. 

Mineral  Statistics. — Tlie  statistics  of  the  mineral  production  of 
India  have  been  issued.  The  coal  industry  has  expanded  without  a 
break  from  2,168,500  tons  in  1890  to  4,937,000  tons  in  1899,  a  growth 
of  128  per  cent  Coal  of  varying  quality  is  found  over  a  very  exten- 
sive area  in  India.  Of  the  yield  last  year  about  79  per  cent,  came 
from  Bengal,  which  contains  important  mines  in  the  Baniganj  district 
The  Nizam's  territory,  Assam,  Central  India,  and  the  Central  Provinces 
are  at  present  the  only  other  coal  centres  of  note.  For  railways, 
steamers,  mills,  and  factories  Indian  coal  is  extensively  and  increas- 
ingly used,  and  would  be  used  still  more  widely  but  for  the  difficulties 
and  expense  of  inland  transport  Bombay,  which  requires  large 
quantities  of  coal  for  its  mills,  is  too  remote  from  the  chief  mines  to 
obtain  the  fuel  economically,  especially  as  British  steamers  carry  coal 
thither  tnder  easy  conditions  as  to  freights.  Hence  the  recent  rise  in 
coal  imports  into  India  in  spite  of  increased  production.  In  1899-1900 
422,000  tons  were  imported,  of  which  Bombay  Presidency  (including 
Sind)  took  369,000  tons ;  on  the  other  hand,  India  exported  304,500 
tons  of  her  own  coal  from  Bengal,  Ceylon  with  181,500  tons  and  the 
Straits  Settlements  with  87,000  tons  being  the  chief  purchasers. 

Out  of  a  total  Indian  production  of  33,000,000  gallons  of  petroleum 

*  Der  Gnom,  September  8,  1900. 
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At  the  Paris  Exhibition  the  Italian  Department  of  Mines  showed 
a  well-arranged  and  carefully  selected  typical  collection  of  Italian 
minerals,  geological  maps  and  mine  plans.  The  educational  valne  of 
this  collection  was  greatly  enhanced  by  the  catalogue,*  covering  261 
closely  printed  pages.  It  contains  details  of  the  Italian  mining  and 
metallurgical  industries  which  render  it  a  treatise  of  permanent  ralne. 
The  collection  is  the  most  complete  representation  of  the  mineni 
resources  of  Italy  ever  got  together,  the  number  of  specimens  amount- 
ing to  1053.  The  catalogue  of  these  cavers  nearly  fifty  pages.  The 
following  110  pages  are  devoted  to  descriptions  of  the  principal  Italian 
deposits  of  economic  importance.  The  third  section,  twenty-six  pages, 
is  devoted  to  descriptions  of  the  metallurgical  and  chemical  industries. 
The  fourth  section  contdns  the  Italian  mineral  statistics  for  the  yean 
1860  to  1899,  whilst  the  last  section  gives  details  of  the  constitation 
of  the  Department  of  Mines. 

Tonietti  f  has  prepared  a  report  on  the  iron  ore  mines  of  Elba. 


XL— JAPAN. 

Industrial  Development.  —  B.  H.  Thwaitet  gi^^s  a  detaikd 
description  of  the  new  Japanese  Government  iron  and  steel  works. 

The  length  of  the  railways  in  Japan  was  only  18  miles  in  the  year 
1872-73.  In  the  years  1898-1899  the  length  was  as  much  as  3430 
miles.g 


XII.— BUSSIA. 


Iron  Trade  Statistics.— The  Eussian  Bureau  of  Statistics  has  pnb- 
lished  the  iron  trade  returns  for  1899.  The  production  of  pig  'vm\ 
amounted  to  163,115,811  poods,  or  21-6  percent,  more  than  in  18^ 
The  production  of  wrought  iron  was  34,553,916  poods,  and  that  J 
steel  80,667,140  poods.  The  production  of  petroleum  increased  fnai 
69,918,325  poods  in  1898  to  80,667,140  poods  in  1899. 


1 


*  *'Oatalogo  della  moitra  fatta  dal  Corpo  Beale  delle  Bfiniere  all'  Bspocui«c 
venale  del  1900  a  Parigi,"  1900  (Rome :  Minittero  di  Agricoltora). 

t  Iron  and  Steel  Tradei  Journal,  voL  Ixri.  p.  588 ;  Iron  and  Coql  Trada  Srr^ 
vol.  IxL  p.  14. 

X  Indian  and  Eastern  Enpineer^  March  1900. 

§  Japan  Weekly  Mail;  Stahl  und  Eiten,  vol.  xx.  p.  614. 
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from  spoutiog  wells  in  tiie  first  half  of  1899.  The  total  number  of 
producers  engaged  in  the  oil  industry  is  now  135,  as  compared  with 
114  in  the  same  period  of  1899,  whilst  the  bore-holes  numbered  1497 
in  1900  as  compared  with  1197  in  the  previous  year.  The  average 
yield  per  bore-hole  was  185,000  poods  in  the  first  half  of  1900,  as 
compared  with  220,000  poods  in  1899.  The  ezporU  of  oil  in  the 
first  half  of  1900  amounted  to  209,000,000  poods,  as  compared  with 
200,000,000  poods  in  the  similar  period  of  the  previous  year. 

Attention  is  directed  *  to  the  increase  in  the  consumption  of  petro- 
leum on  the  Russian  railways.  In  1885  they  consumed  5,788,000 
poods  of  petroleum  residues ;  in  1890  the  consumption  amounted  to 
17,654,000  poods,  and  in  1896  it  had  reached  62,569,000  poods. 

HaBganesc  Ore. — The  exports  of  manguiese  ore  from  Poti  in  1899 
amounted  to  411,197  metric  tons.  Of  this  quantity  118,049  tons 
were  sent  to  the  United  Kingdom.! 

Hineral  Indnitry  of  Siberia. — ^An  exhaustive  report  on  the 
mineral  resources  of  Siberia  has  been  published  by  K  61asser,|  a 
French  mining  engineer.  Siberia  possesses,  he  shows,  important  mine- 
ral deposits.  There  are,  too,  some  fine  deposits  of  iron  ore  and  coal. 
Half  the  vast  area  of  Siberia  has  not  yet  been  explored. 

The  Siberian  railway  is  tending  to  open  up  the  country  considerably, 
and  various  machine-shops  and  foundries  have  recently  been  started 
there.g 


Xlll.— SPAIN. 


The  Iron  Industry. — A  recent  Foreign  Office  report  gives  much 
statistical  information  as  to  the  production  of  ore  in  Spain.  The  iron 
ore  mined  in  1899  amounted  to  9,344,320  tons,  as  compared  with 
7,197,045  tons  in  1898.  The  share  of  the  Bilbao  district  for  these  two 
years  was  7,568,085  and  5,850,085  tons  respectively.  The  number  of 
kilns  in  that  district  was  33,  employed  in  producing  613,575  tons 
of  roasted  spathic  ore.     Full  details  are  given. 

A  report  of  the  general  meeting  of  the  Viscaya  Company  of  Bilbao  || 
has  been  published.     The  year  1899  was  one  of  marked  prosperity, 

*  Revae  ScierUiJique,  July  21,  1900. 
t  Stahl  und  E%$en,  vol.  zx.  p.  614. 
t  Annales  dei  Mine$,  rol.  xviii.  pp.  5-78. 
§  Staht  und  EUen,  rol.  xx.  pp.  714-715. 
II  KevUta  Mvnei-a,  vol.  11.  pp.  232-283, 
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Cnwibl«  iofols  nd  eastJBfB 1,225 

BlHteritecI 974 

BM^iroDftaditccl 1U,30S 

Nail  ud  win  rod,  hoop  iron  aad  steel  Itt^fM 

Otb«rwiw  ilwped  iron  and  Bteel  in  bttfB  VOifiSl 

Plates  (Boi  inclvdhi^  ilMetB) 19,60 

Tube  blocks,  hollow  blooms,  sad  biOeta  19^ 

Coal 238,344 

Namber  of  blasi-f arnaeos  in  bbut         ....  141 

ATcrage  dally  product  par  fomaoe        ....  13*43 

Avarafo  timo  par  fonaee  in  blast         ....  963  daja 

The  total  nninber  of  actiye  iron  ore  mines  in  Sweden  in  1899  was 
321,  as  compared  with  329  in  1898.  The  production  of  iron  ore,  on 
the  other  hand,  rose  from  2,302,516  tons  in  1898  to  2,434,606  tenia  in 
1899.  The  workpeople  employed  numbered  3946  below  ground,  and 
4791  at  grass.     The  chief  ore-producing  districts  were : — 


Production. 


1899. 


Norrbotten 
Kopparberg 
Orebro 
Westmanland 


•  I 


Metric  Tons. 
967,300 
771,140 
299,566 
218.689 


1996. 


Metric  Tons. 
867,649 
751,038 
299.934 
186,155 


The  total  weight  broken  in  1899  was  3,991,638  tons,  from  which 
2,420,160  tons  of  ore  was  obtained  by  separation.  Of  the  ore  obtained 
by  deep  mining,  2,165,156  tons,  or  88'9  per  cent.,  was  magnetite,  and 
269,450  tons  haematite. 

The  total  number  of  blast-furnaces  in  operation  in  1899  numbered 
167  at  118  works,  as  compared  with  171  at  120  works  in  1898.  Of 
these  141  were  in  blast  for  37,031  days  in  1899,  and  143  for  39,847 
days  in  1898.     The  production  was  as  follows  : — 


1899. 


1898. 


Direct  castings .        .        .        .        , 

Forge  pig  iron 

Bessemer  and  open-hearth  pig  iron  . 
Total  pig  iron,  loclodiDg  above 


Metric  Tods. 


248,817 
218,797 
497.727 


Metric  Tons. 

7,806 

259,9n 

240,781 

531,766 


The  production  shows  a  diminution  of  6*1  per  cent  on  the  year  ^ 
regards  quantity,  but  its  average  value  increased. 
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The  paper  ia  illustrated  by  portraits  of  Baron  Tamm,  R.  Akemum,  and 
J.  C.  Kjellberg.  There  are  also  photographic  views  of  the  exterior,  of 
the  reception-room,  and  of  the  meeting-room  of  the  Jernkontor  on  the 
occasion  of  the  visit  of  the  Iron  and  Steel  Institute,  with  drawings  of 
the  oflBcial  uniform  of  Swedish  ironmasters,  of  the  medal  awarded  to 
Pehr  Lagerhjelm  in  1856,  of  that  struck  in  honour  of  Gustaf  Ekman 
in  1877,  and  of  the  frieze  of  the  Jernkontor  building. 

The  Iron  Industry  of  Norway. — ^The  exports  of  iron  ore  from 

Norway  have  been  as  follows  : — 

Tear.  Metric  Tons. 

1897 4242 

1898 4001 

1899 orer  12,000 

Of  the  exports  in  1899,  which  amounted  to  rather  more  than  12,000 
tons,  9600  tons  were  from  the  Fens  mines  near  Ulefos.  These  mines 
are  now  being  put  into  operation  again  after  having  been  shut  down  for 
a  lengthened  period.  From  Soggendal  iron  ores  are  exported  that  con- 
tain 40  per  cent,  of  titanic  acid.  The  Nas  crucible  steelworks  gave 
employment  during  1899  to  a  hundred  workpeople,  and  was  in  fall 
operation  during  the  year.  No  nickel  works  were  at  work  during  1899, 
but  an  important  discovery  of  nickel  ore  was  made  near  Fao  on  the 
west  coast.  The  ore  is  a  magnetic  pyrites  containing  some  2  per  cent 
of  nickel  and  2*5  of  copper  in  its  iissorted  condition.  The  lode  is  5  or  6 
yards  wide.  The  total  number  of  workpeople  employed  at  all  the  mines 
and  metallurgical  works  in  Norway  in  1899  was  about  2650,  of  whidi 
2250  were  at  copper-mines  or  copperworks,  the  value  of  the  products 
being  4,900,000  crowns.* 

J.  H.  L.  Vogt  t  of  Christiania  urges  the  possibility  of  creating  an  iron 
industry  in  Norway. 

According  to  the  Norwegian  Veritas,  there  were  forty-seven  ships  under 
construction  in  Norway  on  July  1,  1900.  Of  these  forty-four  were 
steamers  of  37,920  tonnage,  thirty-seven  of  these  being  of  steel,  their 
tonnage  being  33,700.  Only  three  small  sailing  ships  were  being  built, 
their  total  net  tonnage  being  only  510.  | 

*  Oetterreiehisohe  ZeUtohrift  far  Berg-  und  HiUtenweien,  vol.  xlriii.  p.  200. 
t  CenircdblaU  der  Wafzwei^ke,  July  28, 1900. 
X  Stahl  und  Fisen,  vol.  xx.  p.  1067. 
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Goal- — D.  Bellet  *  has  published  an  important  article  on  the  part  of 
the  United  States  in  the  world's  coal  production. 

Tables  of  production  f  show  that  in  1899  the  United  States  surpassed 
Great  Britain  for  the  first  time  in  the  production  of  coal. 

Cost  of  Production. — F.  Lurmann,  jun.,{  gives  a  number  of  detaik 
as  to  the  cost  of  production  of  basic  pig  iron  and  basic  steel  in  the 
United  States.  The  first  relates  to  a  monthly  out-turn  of  10,282  tons, 
and  the  latter  to  a  monthly  production  of  9668  tons.  This  latt^  is 
stated  to  be  the  actual  cost  for  the  year  1897.  The  total  coat  of  \ht 
metric  ton  of  pig  iron  is  placed  at  about  J&2,  5s.,  and  of  the  ton  of  bask 
ingots  about  £3,  12s.  In  the  latter  case,  however,  allowance  has  to  be 
made  for  the  basic  slag  and  scrap.  This  reduces  the  actual  cost  to 
rather  over  J&3,  7s.  per  ton. 

James  A.  Green  §  discusses  the  past  and  future  of  pig  iron.  After  point- 
ing out  that  the  United  States  produce  the  greatest  amount  of  pig  inn 
in  the  world,  he  declares  that»  in  order  to  profit  by  this  great  advantage, 
Americans  should  turn  out  the  most  perfect  manufactures  of  pig  iron. 

George  H.  Hull||  discusses  industrial  depressions  and  the  pig  iron 
reserve.  He  points  out  the  difference  between  a  panic  caused  by  low 
prices  and  a  depression  caused  by  high  prices,  and  presents  statiBti<a 
showing  a  close  connection  between  abnormal  prices  for  iron  as  well  as 
reasons  for  great  depression.  He  proposes  a  reduction  of  iron  prices  and 
the  creation  of  a  reserve  supply  as  efficient  means  for  recovering  stalnlity. 

Shipbuilding. — At  January  1,  1900,  there  were  109  steel  steamers 
under  construction  or  arranged  for  at  the  wharves  on  the  Atlantic  and 
Pacific  coasts.  These  will  have  a  total  of  322,413  tons  displacement, 
and  consist  of  59  trading  steamers  of  182,100  tons  and  50  war  vessels 
of  140,313  tons.  In  addition,  Congress  has  arranged  for  six  other  war 
vessels  of  76,500  tons  displacement  Ten  only  of  the  new  txading 
steamers  are  intended  for  foreign  trade.1I 

Some  interesting  statistics  regarding  the  traffic  on  the  American  great 
lakes  are  given.  **  The  Sault-Sainte-Marie,  joining  Lake  Superior  to 
Lake  Huron,  is  the  busiest  canal  in  the  world.     In  1869  the  number  of 

*  MonUeur  des  InUrlU  MaUriela,  vol.  L  p.  3137. 

t  Engineering  and  Mining  Journal^  vol.  Ixix.  pp.  644-645* 

X  Stahl  und  Eiaen,  vol.  xx.  p.  788. 

§  Iron  and  Sted  Tradu  Journal,  vol.  Ixvi.  pp.  519-520. 

ii  The  Engineering  Magazine^  vol.  xix.  ppw  641-654. 

H  Stahl  und  Eisen^  voL  xz.  pp.  715-716. 

**  Bevue  Soienti/ique,  July  14. 1900. 
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A  nmllar   maomarj   showing    the   prodnctio*  of    pi^ 
foUowB.— 


Coatey- 


Uoitodl 

SS^    ; 

Belpmn 

Frmoee  .... 
GernMnj  and  Liuemburs 
Italy  .... 
JapM  .... 
BttasU  .... 
BfMin  .... 
Sireden  .... 
United  Htate* 


1898 

ifm 

1806 
1899 
1899 

1899 

1896 
1897 
1898 
1899 
1899 
1899 


95r,8X 

«9.«M 

IMGS 

Me4,75S 

94.077 

2.«7,388 

8^143,132 

11,387 

57.W8 

2.193.7S0 

96«,840 

497,737 

19;»680l,703 


Iron  OonsnmptioiL — Accoiding  to  the  calculations  of  the  Society  of 

German  ironmasten,*  the  production  of  pig  iron  per  head  of  population 

in  1899  was  as  follows  :— 

Lb*. 

Oermaoy 390 

OrMi  Britain 605 

Fnoee 145 

Ansiria-Haogary 67 

Belgiam 322 

Sweden 244 

Italy 1 

RoMia 46 

United  States 405 

Imports  and  Exports. — official  statistics  t  show  that  the  importb 
(in  tons)  of  the  leading  European  iron-producing  countries  in  1899 
were: — 


Cotiiitry. 


Great  Britain     . 
Oermany    . 
Auitria-Hungary 
France 
Belgium 


Irou  Or«. 


7,055,178 
4,165,372 
212,412 
1,950.665 
2,620,750 


Pig  Iron. 


248,706 
677,134 
126,370 
181,476 
432,920 


Iron  and  SteeL 


306,324 

160,643 

85,559 

60,626 

76,986 


Vcrein  DeuUcher  Eiun  wid  Siahl  InduairieUer,  1900,  No.  18. 
t  Ibid.,  1900,  No.  18,  p.  88. 
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World's  ProdUCtiim  of  Petroleum.— In  a  paper  by  Oebbeke,* 

the  worid's  production  of  petroleum  last  year  is  stated  to  have  been  as 

follows : — 

Tons. 

RoMiA S.960,000 

United  SUt€« 8,746,000 

G«Iiei« 360,000 

SuiiiAtra 327,000 

Ronnuuiut 300.000 

CUniida UO.OOO 

J«Ta 101,000 

IndU 67.000 

Japan 30,000 

Oermany 26,500 

Peru 11,360 

Italy 3.790 

The  consumption  is  estimated  at : —  ^^^^^ 

England 803,425 

Germany 687,444 

Japan 202,112 

China 168,522 

Bra«U 77.824 

Auitrulin 77,575 

France 48,583 

World's  Production  of  Nickel  and  Alumininm.— The  world's 
production  of  nickel  and  aluminium  has  been  as  follows  in  the  years 
mentioned : — 


Production. 

1896. 

1897.                   1886. 

Metric  Tonn.      Metric  Tons. 
4758                   6898 

3394                   40H4 

t         "^- 

Nickel 
Alnminiom 

Metric  Tons. 
4427 

1660 

Metric  Tons. 
7360 

5748 

The  value  of  the  nickel  made  in  1899  was  about  £920,000,  and  of  the 
aluminium  £630,000.  t 

The  World's  Uiners. — The  number  of  persons  at  the  present  time 

occupied  in  mining  throughout  the  world  is  estimated  f  at  4,355,204. 

Great  Britain  heads  the  list  with  875,603.     Then  follows  Germany 

with  498,569,  the  United  States  with  444,578,  India  with  310,888, 

Ceylon  with  310,210,  France  with  292,227,  Belgium  with  160,150,  and 

Japan  with   118,517.     Before   the   war  the  Transvaal  had    100,000 

miners.! 

*  OlHekauf,  toL  xxxvi.  pp.  636  639. 

t  StaMl  und  EUen,  rol.  xx.  pp.  1122-1123. 

t  Dtr  Onom,  August  4, 1900. 
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The  average  cost  of  the  kilometre  of  line  in  Europe  is  placed  at 
£14,502,  while  the  total  cost  of  all  the  lines  of  railway  in  the  world  is 
estimated  at  as  much  as  £7,439,599,356.  Detailed  statements  as  to  all 
the  different  countries  are  shown  in  tahular  form. 

The  World's  Iron  Trade. — H.  J.  Skelton*  discusses  the  competitiTe 
outlook  in  the  world's  iron  and  steel  trades,  particularly  for  the  Bri^^ 
iron  trade,  and  gives  the  statistical  position  of  the  principal  iron<^iro- 
ducing  countries  of  the  world  as  follows : — 


United  Kiiu;dom — 
Oatpoi  of  ooal 
Make  of  pig  iron 
liake  of  tteel  . 
Export  of  iron  and  iteel , 
ConBumption  of  iron  ore . 
Value  01  iron  and  steel  exportH 
Value  of  machinery  exitorta 
Ships  launched 

Germany — 
Output  of  bituminous  coal 
Make  of  pig  iron 
Make  of  steel  . 
Exports  of  iron  and  steel 
Output  of  iron  ores 
Value  of  iron  and  steel  exports 
Value  of  machinery  exports   . 
Tonnage  of  machinery  exports 

United  States- 
Output  of  coal 
Make  of  pig  iron     . 
Make  of  steel . 
Exports  of  iron  and  steel 
Consumption  of  iron  ores 
Value  of  iron  and  steel  exports  \ 
Value  of  machinery  exports       i 

Belgium — 
Output  of  ooal 
Make  of  pig  iron     . 
Make  of  steel  . 
Exports  of  iron  and  steel 
Consumption  of  iron  ores 
Vidue  01  iron  and  steel  exports 


1895. 

1=1000 

Tons. 


189,661    < 
7.703 


2,835 

17,500 

19.680 

17,300 

951 

79,169 
5,464 
3,961 
1.528 

12,349 


158 

172,500 
9,446 
6,115 

17,253 
32,000 

20,467 
829 
454 


1899. 

1=1000 

Tonn. 


220,085 

9.305 

4.865 

3,717 

20,482 

28,093 

19,650 

1,713 

101,621 

8.11? 

6.290 

1.244 

17,989 

18,174 

9.982 

226 

230,800 

13.621 

10,150 

779 

22,000 

150,000 


lucreaaeper 
Gent. 


16-6 

20-7 

47-6 

30-7 

17^04 

42-2 

13-5 

26-02 

28-3 
48-5 
58-8 
12-0 
45-6 


43-0 

33-4 
44-7 

27% 
368-7 


21,918    1 

71-4 

1,036 

24-9 

780 

60-7 

610 

247 

2,903 

27-2 

The  main  points  in  which  Great  Britain  is  behind  her  principal  com- 
petitors are : — Scientific  organisation^  economy  of  transport,  use  of 
machinery,  and  training  of  workmen,  and  these  are  discussed  in  some 
detail     The  necessity  for  standard  sections  is  strongly  insisted  upon. 

*  Paper  read  before  the  British  Iron  Trade  Association,  through  the  Iron  amd  <M 
Tradei  Beview,  vol.  Ix.  pp.  1125-1127. 
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